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FOREWORD 



Explosives are each year becoming more and more a necessity 
for a number of classes of work. 

• • ' . ' * 

They are necessary for mining all our metals, for quarrying 
our stone, for improving our means of travel and for developing 
farm lands. The alarm clock that announces getting-up time is 
made of metal blasted out by explosives. The stove on which 
the breakfast was cooked is made of iron mined with explosivljl. 
The coal with which the stove was heated was also mined with 
explosives. The knives, forks and spoons with which the meal 
was served at one time met with an explosive experience. The 
paving on the street or road is also the result of blasts for the 
stone, concrete or shale of which they are made was blasted 
from some place in the earth. Railroads are built, ship channels* 
opened, fields cleared and drained, and soils tilled by explosives. 
To supply handy information for the various users of ex- 
plosives is the purpose of this little book, which gives information 
on a variety of uses for explosives. It does not go into exhaus- 
tive detail in many cases, but cites references to other books. 
These are: 

High Explosives Catalogue, Sections i and 2, which gives 

detailed information on High and Low Explosives. • 
Blasting Supplies Catalogue, which covers fully the sub- 
ject of blasting supplies and their uses. 
Blasting Powder Catalogue, which describes the uses of 

blasting powder. 
Road Building and Maintenance — A treatise on road 

building. 
Shale and Clay Blasting Catalogue — On mining clays. 
Pole and Post Holes — On digging them. 
Handbook of Explosives — On sl variety of uses, especially 
in drainage £ind land clearing. 
Any of these can be had free of cost, by those interested in 
blasting, by addressing a card to The IXi Pont Company, Wil- 
mington, Del. This company has in its employ a large number 
of experts in the use of explosives, who will gladly give those 
interested in using explosives the benefit of their suggestions. 
Those writing for additional information should give as much 
detailed infontnotion a^ possible on the woiic they have in mind. 
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EXPLOSIVES 7 

sintilar. There 19 no magic kbcvc n^onTCf. When fired ^ot «)► 
ploded, they simply change inixi. another foitn having many 
times greater volume. This increased volnme exens prciiure on 
that which triei to confine the action. It is this piessute that i* 
effective in blasts. It acts equally in all directions, but the gat 
tctula to. escape through the path a! leaM' ref^aoce, or the easiest 
way out. All explosives, in this respect, act in exactly the tame 
manner, and, no matter what explotive it uted, the liest care in 
loading and tamping it none too good. 

For performing his work the blaster has to consider the cKoice- 
of explosives; supplies for firing the explosives used; methods of 
preparing bore holes; and methods for bailing and firing. 

In choosing explosives the selection may be made from; 

(1) Blasting Powder and (3) High Explosives, which includes alt 
of the dynamites, gelatins, and permissible explosives. 

BLASTING POWDER 

The oldest and most widely known explosive it blasting powder, 
which it a black material, prepared in srains closely resembling fine 
lumps of high-grade coal. It it manu^ctured in two gradet, " ' " 
,and "B." The "A" powder contains saltpeter or potassium nii 
and is slightly more water resistant, stronger and quicker than 

Kwder, which contains nitrate of toda instead of the aaltpetet 
th pQwdert, the other ingredients are sulphur and charcoal. Thi 

^ difference jn composition makes "A" powder much more expentive 

I than "B" powder. For this reason "A" powder is but littfe uted, 
except in cettain classes of dtffi- 

, cult blasting, as in quarrying fine 

! dimension stone. "B" powder 
it extensively used in quarrying 

 (tone, stn^fnng, road and rail- 

' road building, clay mining, coal 

. mining and general excavating. 
It is the slowest acting of a[l 
of the explosives. It has a heav- 
ing not a shattering action, and 

' hence tends to break down coal 
or stone in large fragments. Blast- 
ing powder is not water resisting 
and cannot be used in moist or 

^ wet work. It must be carefully 
loaded and well lamped, as the 
slightest avenue of escape for the 
gases will seriously diminish the 
effects of the blast. 

Both "A" and "B" powder is 
manufactured in grains of differ- 
ent sizes. These sizes are shown 
graphically in the accompanying 

"" Fig. 2.— 25-PDDnd Ze( ol Blutlnc 
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iBd ones. There is another gnntdaraoa «f " B" Mudng powder 
d R. R.J OF ■'Railroad," which is a mixture of all sizes from F to 
F. It IS an excellent explosive for many classes of blasting, ai it 
s well inte bore holes tJnd explodes with great uniformity. A bore 
of a etven siie will hold mOre pounds of R. R. than of other 
of grenm. All l^sdng powder is pitked in metal kegshtMing 
tynve pounds net. 

fore complete information is contained in "Blastiiig Powder," 
ik of 54 pages, a copy of wbkh may be had on appliration by 
i interested. 

Irlng Charges of Blastlnft Powder. — Both grades of biasting 

ler are fired by means of sparks or flame. These may be 
tht to the charge by means of fuse, electric squibs or miners* 
)s, and sometimes in larger blasts with primer* of high explo- 
, These are all described in another chapter. 
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HIGH EXPLOSIVES 

This, general term includes all of the dynamices, gelatini, per- 
niissible explosives aad Arctic (Nitro-icarch) ex|:4oiives. Id lelect- 
ing high explosives, especially for underground woik, many faccon 
ilHtft be XBktn into consideration. Some of the principal ctutract^E- 
istics are; Strength,, velocity, water resistance, deneity, fum«i» 
tem]>erature of freezing, and length and duration of flame, 

StrenSth.— ^By this term is meant the power or force developed 
by the explosive. The Straight Dynamites are rated on the per- 
centage, by weight, of nitroglycerin contained in them. Thus a 
40% Strength Straight Dynamite contains actually 40% of 
nitroglycerin. By elaborate tests the Btreng:th developed by this 
type of explosive is arrived at. and serves u a basts for the grad- 
ing of all other dynamites. Thus, the per cent, strength grading 
means that an explosive will release as much force as an equivalent 
grade of the Straight Dynamite. 

Mention is sometimes made of bulk strength. In this case the 
reference is to the volume of the explosive and the percentage figulCt 
show a comparison with the volume or bulk of the explosive in que>* 
lion. Some high explosives, such as Arctic, Monobel, Carbonite, 
and certain others developed for special classes of work, are not given 
a percentage marking, but are designated by numbers. The genera) 
tr^d of users of explosives ii to select lower strengths and practice 
more careful loading. 

The relative energy contained 
tn the different strengths of dyna- 
mite is greatly misunderstood by 
many users. The prevalent opii»- 
ion is that the actual energy devel- 
oped by the different strengths is 
in direct proportion to the , per 
cent, markings. Thus, it is 
thou^t that 40 per cent, dyna- 
mite is twice as strong as 20 per 
cent., and 60 per cent, is three 
times stronger than the 20 per 

""Vu- I.  ^■*' 

inis, however, is not true, as 

careful laboratory tests have been 
conducted, the results of which are shown graphically on page S. 
Horizontally across the bottom of the cross-sectioned area are figures 
400, 500, 600 — 1,000, spaced at equal intervals and representing the 
relative units of energy. Vertically on the left-hand side are the 
figures representing the per cent, strength. To find the compara- 
tive energy in equal weights of dilTerent strengths, for instance, in 
comparing 20 per cent, with SO per cent., the horiiontal line marked 
20% is followed across until it intersects the diagonal line marked 
"Relative energy in equal weights of different strengths," then, by 
dropping vertically down to the bottom line, it is found to fall niig- 
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way between 500 and 6pQ,^ .or 5S0 relative units of energy. Now» 
follow the line marked 30% across until it meets the same diagonal 
line, thence nraight to the bottbm which is intersected at nine^enths 
of the distance between 800 and 900, or 890 relative energy imitt. 
Thiis shows that instead of 50 per cent, dynamite being 2}4 times as 
strong as 20 per cent., as is popularly supposed, it is acrtuaUy Imiy 
890 divided by 550, or approximately 1.62 times as strong. 




Fig: 5.<^A Cartridge of Red Cross Eactra Dynamite 

To find the number of cartridges of different strengths of dyna- 
mite to give off an equal amount of energy, refer to the curved line 
"Na of cartridges of different strengths for equal energy" in the 
figure on p^ge 8. The figures at the top of the cut represent the 
xiufnber of cartridges, .and those at the left-hand side the per cent, 
strength of dynamite. The line marked 60% intersects the curve 
^t 1 cartridge. The 40% line, if followed horizontally across to its 
mteJfsectioQ with the curve, thence up vertically to the horizontal 
line marked 60%^ will fall between 1.2 and 1.4 or at 1.28, which is 
the number of cartridges of 40 per cent, to equal 1 cartridge of ^50 
per cent. If the 20% line is followed across to its intersection with 
the curve, thence vertically to the top, it will show that 1.8 cartridges 
of 20 per cent, are equal to one of 60 per cent. 



One 
Cartridge 


m6 

1.00 

0.8^ 
0;83 

p:78 

0.72 
,0.67 


,50% 
1.12 


45% 
1.20 


40% 

1.28 
1.14 
1.07 
1.00 


35% 
1.38 


30% 
1.50 


25% 

1.63 
.1.45 
1.36 
1.27 
L18 
1.09 
1.00 
0.90 
0.78 


20% 

1.80 
1.60 
1.50 
1.40 
l.?Q 
1.20 

i.io 

1.00 

0.86 


15% 

2.08. 

1.85. 

1.73 

1.59 

1.50 

1.38 

1,27 

1.15. 

1.00 


60%...:. 


50%. . : . . 


1.00 

0.93 
0.87 


1.07 
1.00 

0.94 


1.23 
1.1^ 
1.08 
1.00 

0.92 
8S 
0.77- 


1,34 
1.25 
1.17 
1.09 
1.00 
0.92 
0.83 


4S%....; 


40% 


3S%..,., 


0.81 
.0.75 


0.87 
0.80 
0.74 
0.67 


053 
0.85 
078 
0.71 
0.61 


30% 


25% !' 


0.61" 

0.55 

6.48^ 


0.69 
0.62 


20%..... 


45%....; 


0.54 


0.58 


0,66 0.72 
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EXPLOSIVES 11 

The requisite ainount of dynamite of any strength to equal one 
cartridge of a given strength is well shown in the table on page 10. 
Thus, t>ne cartridge of 40 per cent, is equal to .78 cattridge of 60 
per cent.» or 1,40 cartridges of 20 per cent., and one cartridge of 
20 per cent, is eqpal to .62 cartridge of 50 per cent., or l.lS tiLt^ 
tridges of 15 per cent. . • 

While these results were obtained by carefully conducted labora- 
tory tests, they are not exactly accurate, but only an approxin^tion 
for practical work, since the conditions encountered in practice are 
quite variable, and there is no way of controlling them as there is 
in the laboratory. In general, when changing from a higher strength 
explosive to a lower, it may be found necessary to slightly increase 
the ratio, as shown in the table of the number of cartridges required 
-on account of the lower velocity of detonation and the increased 
- bulk of the charge which may make a difference in the point of 
location of ^h« charge, and the degree of expansion in the bore hole. 
However, a little practical experimenting in the direction of poin^Mig 
and location of the bore holes, coupled with the aid of the table, 
will enable the blaster to select the lowest strength and lowest co$c 
explosive that will do the work efficiently and economically. 

Velocity*— ?The rate of exploding or detonating is spoken of 
as "Velocity," or sometimes as ''Quickness." Some high explosives 
explode much more quickly than others.. The higher the velocity, 
or the greater the speed' of an explosive, the more shattering the 
effect. For large stone or lump coal a slow explosive should be 
selected. This is quite noticeable in the use of Low Powders and 
Blasting Powder for breaking down large dimension stone, aiid the' 
slow-acting permissible explosives for lump coal; and the use of 
.quicker-acting explosives for breaking down stone for crushers. 

Water Resistance. — High explosives diff*er greatly in their 
power to resist water. In dry work this is not of importance, but 
when much water is encountered, a water-resisting explosive is 

' necessary. If the blasts are fired soon after loading, the use of an, 
explosive intermediate in water resistance is found satisfactory. 
This is well illustrated in the use of Red Cross Extra where water 

• stands, in the holes. Relative water-resisting characteristics are 
shown on page 12, 

Density.^ — Some dynamites are more bulky than others, and 
naturally a pound of a bulky one will fill up more of a bore hole than 
will a pound of a dense one. In large hc^es, such as tunnels, gopher 

. holes, and as a rule, in Tfell-drill holes, this is not so important. In 
hand-drill or hammeirdrill holes, and sometimes in tripod drill 
holes, the extremely bulky explosives may be objectionable. The 
difficulty of getting a sufficient amount of explosives in- a bore hole 
is frequently overcome by springing the bottom of the holes. This 
is described in another chapter (see page 59). Frequently a bulky 
explpiive is desirable, as it can be distributed along, the bore h(^ 
to the best advantage, so that its force effiects a greater area or 
distance. 

Fumes. — When dynamite, or any other explosive, is fired« 
varying amounts of gas or fumes are given off. For work in the open, 
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EXPLOSIVES IS 

tht niture of these does not matter, but fbr underground work an 
eixplosive that gives off objectionable or dangeroiis fumes should noi. 
be used. The Monobel explosives develop a minimum ,dF tifbjic*' 
tionable gas, and are therefore highly recommended for mines' and 
some classes of tunnel and shaft work. The gelatins and Du Pont 
Straight Dynamites are found best for extremely hard rock. Red 
Cross Extra proves a highly acceptable explosive in fairly -well 
ventilated mines. Arctic explosives are advised for open work only. 

In all classes of underground work attention should be given to 
improving the ventilation as much as possible. 

Several features influence the amount and quality of fumes 
given off by the explosion of dynamite. Burning dynamite gives 
the worst and most poisonousr fumes, and incompletely detonated 
dynamite follows closely. The niore complete the detonation^ tlve 
better the fumes. Complete ^detonation is obtained by eotibning 
the explosive as strongly as possible, eliminating air spaces, tSLVAping 
strongly with enough materia}, and using a strong detonator.' In 
tunneling, for instance, with seven-foot bore hdes, at least three 
feet of the hole should be filled with tamping. If the bore hole 
blows out or does iiot bring 'the' 4)urden a^ it should, the natural 
impulse is to load more explosive in it the next time. What should 
be done generally is to confine the explosive more strongly. 

Temperature of Freezing.-:— Many high explosives freeze at 
comparatively high temperatures. Frozen explosives are dangerous 
to use, and do not develop their full strength when fired. As the 
freezii^ points of dynamites vary, the selection of a low-freezing 
explosive should be made for cold weather. Du Poi^t Straight 
Dynamite, Monobel Nos. 1, 2 and 3 and Cacbonite Nos. 1, 2, 3 and 
4 freeze at about 45 to 50 degrees F., while the others, such as Red 
Cross Straight^ Red Cross Extra, Monobel 4, 5 and 6, Carbonite 5 
and 6 are low-'freezing explosives. , The freezing point is ^rd to 
determine, as it is affected by the length of time they are exposed 
CO the cold. For Ipw-fiseezing explosives it is about the same as for 
water. The gelatins, except '' Blasting Gelatin," are low freezing. 
All of the Low Powders are low freezing. R. R. P. does not re- 
quire thawing if the frozen lumps are broken down by rubbing 
them between, the hands before loading. Blasting Powder and 
Arctic Dynamite are non-freezing. Advice with fegard to thawing 
dynamite will be found on pages 28 to 32. . 

PERMISSIBLE EXPLOSIVES 

Permissible Explosives are designed primarily and almost exdu- 
sively for mining coal in workings where there is inflammable gas 
or inflammable dust. All explosives when fired give a flash or fla^e 
which varies in length and duration. Black Blasting Powder giVes 
the largest flamie and lasts the longest. Dynamites of various kinds 
give a flame which is not as large and does not la&t as long as blast- 
mg powder. Permissible Explosives are especially designed to flnve 
the least possible quantity of flame and the flame of the brietest 
possible duration. Any explosive, even Permissible, if overloaded 
m a bore hole and improperly confined under unfavorable, condi- 
tions, may ignite gas or dust in the mine air, but Permissible Explo- 



14 



EXPLOSIVES 



iuve#» when loaded in amounts within what is called the " charge 
Umit»" when properly thawed and when detonated by a sufficiently 
strong detonator, preferably an electric detonator, giv^ such a small 
flame and of such brief duration that there is very little likelihpod 
of ignition of gas or dusjt taking place. Not more, than one and 
one-half pounds in each shot should be used. 

. Penniasibles have ptherproperties besides their action on gaseous 
and dusty atmosphere. They are comparatively safe tp handle, 
insensitive to ordinary shocks of transportation and loading* they 
are difficult to set onfire and their fumes are, not objectionable; 
JSome types of Permissibles are noticeably free from^ obnoxious fumes. 

Some of the Permissibles are used in other kind of work ] than 
gaseous and dusty mines* where a comparatively slow, heaving 
action of the explosion is desired, as in soft rock, clay, sand and 
sandstone, and otber material which is not especially hard, tough 
0£ brittle. 

For more complete , information on Permissible Explosives, send 
for t^e booklet, " Permissible Exjplosives." 

:. . DU PONT R. R. K *"• f F AND FFF 

* These Ibw strength, high eicplosives are intermediate in th^ir 
action between blasting powder and the dynamites. They are all 
detonating explosives. There are four grades of strengths: R. R. P., 
F, FF and FFF. The R. R. P. grade is ^anular and is packed in 
12^-pound bags, two or foiir of which are in turn packed m wooden 
Shipping cases. R. R. P. is well adapted to quarrjring, toad and rail- 
road building, stripping and many kinds of work where a slow-acting 
explosive somewhat stronger and more shattering than blasting 
'powder is needed. It has poor water resisting power, and should 
not be used in moist or wet work. Small charges of R. R. P. caii 
sometimes be fired by iheans of No. 6 or No. 8 Blafsting Cap^ or 
Electric Blasting Caps, but large charges should always be fired by 
meins of primers made of 40% dynamite; using about 1 pound ef 

dynamite for every 25 pounds of R. R. P. 
The general characteristics of F, 
FF and FFF low powders are the 
same as of R. R: P. They differ prin- 
cipally in being stronger and quicker. 
FFF is the strongest; ^F is intct- 
nitdiate and F the weakest. They are 
all packed in cartridges and are deto- 
nated by means of Blastine Caps or 
Electric Blasting Caps. They find 
ready use in pracdcally all conditions 
named above where R. R, P. has not suf- 
ficient strength to do the desired work, 
but where a slower acting, more heav* 
ing explosive is desired than the higher 
. . grade dynamites. 

More specific inforniation concerning all of the high explosives 
named js given in "Higjb Explosives Catalogue," Secdons 1 ao(| 2. 
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HANDLING AND STORING EXPLOSIVES 

While explosives are dangerous when abused, they are safit 
to handle when treated with due respect for their properties. Care^ 
lessness, Violent and rough handling are Irable^to cause explolsions 
and accidents. , . ^ 

The law does not permit the transportation of explosives on 
trains or vehicles carrying passengers for hire, fftakes it a crihiinal 
bffense to offer explosives for shipment under deceptivjj nikrkingS, 
and requires their prompt removal from freight stations. 

When hauling explosives by tfeam or truck, keep the wagOn box 
well swept, put, and protect ^he load from sparks and rain with a 
suitable cover. Lay the cases of explosives flat in such a manner 
that they will not shift and never haul detonators and explosives 
together on the same load, 

' Explosives should be stored in a dry, well-ventilated place, safe 
ftoni fire and bullets, and at a safe distance from dWellings ai^d 
roads. They should be kept under lock aad key, away' from irre* 
sponsible, persons. When quantities of explosives are to be stored 
in a permanent place, a dry, well-ventflated, fire-pi'dof and buBet* 
proof magazine should be provided; Detonators should never be 
stored in the same building with explosives. Dynamite cases shoufd 
not be opened in the magazine, nor should metal tools be used ih 
opening, them. Matches, open lights and fires should never be per- 
mitted around dynamite magazines, and smoking should n6t be 
done when handling explosives. 

Care should always be exercised in all handling of explosives. 
Never let "familiarity breed contempt.** 

The so-called ,** Dynamite Headache," resulting from handling 
dynamite is caused by the absorption of nitroglycerin through' the 
skin. It is best avoided by wearing gloves, or. refraining from 
touching the face while handling dynamite. 

' Old Dynamite. — ^When properly stofed and- cared- for,dyna- 
ttiite will remain in good condition for years, bur it will deteriorate 
rapidly' if improperly treated. Old deteriorated dynamite becomes 
^ry dark brown, sometimes almost black in cCifer, gdts v^tf' soft 
and mushy, and the cases are frequeoitly discolored by dark brofM 
stains, due to leaking of the cactridges. When in this condition, 
the dynamite should be handled very carefully, espectally. when it 
shows evidence of being leaky. In some instances,, deteriorated 
dynamite will fail to explode, causing misfires, and in othei cases 
will bum instead of detonating, giving off poisonous fumes. 

Such dynamite should be destroyed by taking it to a safe dis- 
tance from houses and roads,^ opening the cases very ca^fuUy, 
taking the cartridges out, slitting them, and 'spreading them over 
the groynd instead of piling them up. If the dynamite appears to 
be too wet to bum readily, a little kerosene may be poured over it. 
A small pile of paper, shavings or other combustible material should 
be placed close enough to the dynamite so that the flame will burn 
along the paper and ignite the dynamite. After lighting the paper, 
one should retire immediately to a safe distance until the dynamite 
is completely bprnedf The cases should be piled and burned, stj^if 



16 



BLASTINO SUPPLIES 



rately. Not more than one hundred pounds of dynamite should be 
burned at one time. When more than that amount must .be de- 
trayedy a new space should be selected for each lot, for it is not safe 
to place d3mamite on the hot ground of the preceding burnings. 

BLASTING SUPPLIES 

For firing the different explosives in the great variety of ways 
in which they are loaded, many different devices known by the gen- 
eral name ''Blasting Supplies" are needed. The selection of the 
correct supplies are just as essential to the best work as is the selec- 
tion of the correct explosives. 

Blasting Supplies Needed for Firing Charges of Blasting 
powder. — For firing small charges of Blasting Powder, oi)e at a time, 
especially where there is no objection to anoke, safety fuse is satis- 
factory. The fuse, which is simply a small train of powder tightly en- 
cased in, and protected by a strong tape, twine or hemp cove|-ing, if 
placed in the bore hole after the charge is loaded, but before the hole i^ 
tamped. The fuse should be cut long enough to reach. from the charge 
of powder to at least four inches above the mouth of the bore hole, 
and must be long enough to allow the blaster to reach a place of 
safety after the fuse is lighted. When using fuse, it is impossible 
1:0 fire two or more charges at exactly the same time. 




fig. 6. — Bon hole in coal mine loaded with blasting powdAr« iehM^ the 
0«^4e cartridge Ftinied with luse. The location of the fuse is. ezacdy the 
same when the powder is loaded loose instead of in a bag or cartridge 

Miners' Squibs. — ^These are still used, for iiring charges of 
Masting powder (Fig. 8). They are not so sure or safe as. fuse or 
Electric Squibs. In use, they require that a small opening be 
left from the charge all the way through the tamping. Wben 
a hole is loaded a miner's needle. Fig. 7, is placed in the bore hole 
and the hole tamped. The needle is then withdrawn^ the squib 












Fig' 7*— A bore hole loaded and tamped with miner's needle in place. The • 
needle is withdrawn, and a miner's sqttlb Inserted in the openihg fbua made 
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placed tn the niouth of • the opening and lighted j The pressure of 
the powder burning' in-^ the. squib -forces the squib shell back into 
the hole where the^ sparks ignite the charge. The objections are: 
The considerable amount of smoke given off; the danger of the 
squib beipg stoj)ped' in the needle hole; the ineffective tampfng due 
to the needle hole; the U|$<& number of blasts that are delayed; or 
that miss, causing .serfbusf in<ionvenience or accidents. 
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Fig. 8. — ^Miners* Squib and Flagged Miners* Squib 

In order to prevent the closing of the needle hole by particles of 
stemming material a piece of quarter^inch gas pipe, called a blasting 
barrel, is sometimes used ii^stead of the miner's needle. One end of this 
is imbedded in the end of the outside powder cartridge, while the other 
end extends from the mouth of the bore hole, and the tamping is packed 
around it just as when the needle is used. The blasting barrel is not 
withdrawn, however, and the squib shoots back to the powder through 
it, the blasting barrel being thrown out with the material blasted 
when the explosion takes place.' It is then recovered, and some- 
times is used a aumber of times before it is destroyed. This is, a 
much' more certain method than the use of the miner's needle, but 
is almost, if not quite, as expensive as the irse of fu^e, depending- 
on the number of shots the blasting barrel will withstand. It is no 
in^provement in the matter of smoke and incomplete tamping, as a , 
hole all the way back to the powder charge is left. 

Electric Squibs. — ^The best practice for firing blasting powder 
is with the use of .Electrjc^ Squibs. These are small sh^ls <;pntain- 
ing an explosive compound; that jsfire^ by means of an electric 
current brought in through wires. The use of these permit the initial 
ignition of the charge at any point desired; the closing or tamping 
of the bore hole tightly; the ehmihation of all excess smoke pr fumes i 
the firing of any numher of shots at exactly the same tin^e; the 
ov-ercoming of the danger of hang-fires, and the elimination of all' 
waiting. A Blasting Powder charge when properly loaded is fired 
immediately when the electric current is applied. The use of Hec-* 
trie Squibs goes far in introducing safe blasting in mines where 
blasting powder is us^d. . ' 




Fig. 9.— Electric Squib • . 

When the electrit squib is used to explode blasting .f>owdiec: 
charges in cartridges, the cork is remoYed. from the eWctnc aqutb, the 
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paper shelt> already r^erred to, is filled hal^ ftiU'of powder, the electric- 
squib put in, 'and then the remainder of the sAiell is- filled withipowdec- 




Fig. 10.— Tamping. Bag or Cartridge Filled wth.^ lasting Powdej: and Primed 

witti an Slectric Sqtno 

. . .» . _ -— ...",■?•■ 

., •-• ' 

above the electric squib and about the wires. Enough empty shell is 
left at the top to tie securely about the wires, . The cartridge is prim«d 
in this manner, and if the charge is to consist of more than one car- 
tridge, this one, known as the primer, is placed at or near the center 
of the charge. , - 
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' Pig. I'l.-^Bore hole charged with three carti-idges or tamiring bagi, middto 
one ^imed with Electric Squib. Note how completely bore. hole is doaed and 
how Ibe charge is ignited from the center 

Larg6 charges of Blasting Powder are usually fibred by means 'of 
dynamite primers. (See page 32 for more detailed information with 
regard to making primers.) 

BLAS'rtNG SUPPLIES FOR FIRING CHARGES OF 

HIGH EXPLOSIVES 

\ TJnlike Blasting Powder, High Explosives are not fired by sparks 
of flame, but by means of intermediate agents, of detonators, such as 
Blasting Caps or Electric Blasting Caps. These are charged with 
a; powerful explosive which fires or detonates the explosive. . 

Single charges are fired by means of a blasting cap and fuse or an 
EjectriG Blasting Cap, but when several charges must be fired t'o- 
gether, the use of electric blasting caps is essential. See pages 32 
to 37 for methods of making dynamite primefs with both cap and 
fuse and electric blasting caps. 

Du Pont F, FF and FFF, and sometimes small charges of K. R.. P. 
are fhtd in exactly the same wajr as high explosives, but large charges 
of R. R. P. are fired by means of dynamite primers. Such primers for 
blasts of R. R. P. should be not less than 4% by weight of the total 
charge of R. R. P. 

Multiple Shots. — ^When the charges in a number of bore 
ht^es are fired tc^ether, they must be fired with electric detoniitors» 

f which there are several valrieties: 
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. (a) Electric BUs^^g Cap^ for instantaneous firiog. uad^c. nor- 
mal conditions. 

' {b) Watei^proof Electric Blasting Caps fof- instantaneous firini^. 
under water. , .  j • 

(f) Submarine Electric Blasting Caps for. instantaneous firing 
under large heads of w^ter. 

(d) Cordeau» a detonating fuse. 

Rotation Shots.— 

(a) Delay Elecstdc Blasong Caps fotf firing blasts iir quick suc- 
cession with a single application of the electric current. 

(b) Pelaj S^Qtric. Igniters for. firing blasts iir quick succession 
with a single application of the current. t ..>• 

. .All Qf these are desindbed lA the- folloifirig> i^ragrapSls: 

'Electric Blasting Gaps.-^EIectric Blasring Caps; or deto-- 
nators, as the name implies, are special detonators fired or exploded 
b7^^n*ele<ttri<! current. 

-'The ilhinrdtion^^ Figures 12 and 13, show Electric Blastings C^p^ 
c6mp)<ete< and ' in settiom 




Fig. U.-r-£liectric Blasting Ca9 (SQCtioa). ^Ji** is a ooppw ih^ having 
a corrugation thrown out from the inside, whiioh holds the filling inateruU mons. 
ilittily in jtlkce; *'B" is the chamber containing the elplOsiTe Charge ; "C" 
tho insnlated C§ipp9t wires entering the cap; *' D " the bare ends of me* topper * 
wkes pTf^cthig through the plug into the charge; **£" the stnaU wise or 
" Wldge ^soldered' to and connectmg the two ends of the copper wires« which 
is heated by the electric current; " F '* the composition plug noldliig th6 wires 
fiiaiy in place ; ** G ** the filling and waterproolhig material 





.. .  — 

Fig. 13. — ^No. 6 and No. 6 Slectric Blasting Caps« The wires are efit dWereo^ ' 
. • • lengths to soik diffeseot dvptw of .bors holes  •. • • 

Tlie strengtli of Electric Blasting Caps is governed, by the 
amount of the explosive charge contained, and is expressed by the , 
numbers *6" and "8.'' 

The following table describes fully the two sizes or strengths: • 

Grade..,.,.::........ :.,..No.6 No. 8 . 

Color of Label: : . . . . Red Green 

Lenph of Shell ,, I A" . 2" 

Caliber of Shell .: .,..."........ .,2V '-. ^73'.' . 
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Thetiia^ting Cap wires vai^ iti length to suit different depths of 
bore holes and different classes of work. They should always be 
lo>*g ehoitgh to reach i few inches out of the bore hole, and, when 
possible, to the wires of the adjoining bore holes. 

Stock lengths of ctopper wires are: 

4 ft. 10 ft. 16 ft. 

6 " 12 '* 18 " 

8 " 14 " . 20 •< 

Longer length wires may he had On special order. 

Electric Blasting Cap wires are well insulated, 
t Copper wires are- ordinarily used on account of the tow electric 
resistance. 

Electric Blasting Claps With iron Wires.^^-Iron wires are 
used to some, extent in qqal mining, but onaccoimt of the electric 
resistance of iron being about six times as great as tHat of copper* a . 
given size of Blasting Machine cannot fire as fpany electric deto-^ 
n^tor&\sr|^en iron wires are used as when copper wireis are used. The 
standard lengths of iron wires' are 2, 4, .6 and 8. feet. The iron wires • 
are carefully insulated. 

Electric Blasting Caps are packed in paper cartons. 

Wafer-proof Electric Blasting Caps.— Although electric 
blasting cap wires and cQjpper shells are well insulated against water, 
they af(6 not mtended for extreme conditions, and if used in water, 
particularly under 'pressure, water may penetrate and spoil the 
charge, or, they may develop electrical "leaks," so that the electric 
current may "short circuit" through the water instead of passing 
through the. bridge wire, which is of higher resistance. For such 
W9rk. electric blasting caps with a longer shell and special insulation ' 
for wet work are used. These specially insulated efectric blasting 
caps are called Water-proof Electric Blasting Caps. 

They are made in tne same strengths, No. 6 and No. 8, with tlie 
same lengths of insulated copper wires as the Electric Blasting Caps. 
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Fig. I4.r-Waf er-proof Slecteic Blastiag Cftp 

Iron wires are not used. The copper wires have a special insulation 
w||iich aUow« their use in water not over 30 feet deep. 

Submarine Electric Blasting Gaps.-^For extreme water 
conditions, such as submarine work, where the greatest safeguards 
against watei" are necessary for safety and for developing the full 
strength of explosives, a special Submarine Electric Blasting Cap is 
used. 

This is't^^ell 'safeguarded by having a heavy covering of gutta- 
percha enclosing the copper shell and the lower or cap epdtr of the 
wires. 

The strength of Submarine Electric Blasting Caps is the 'same 
as for Electric Blasting Caps, Nos. 6 and 8. 
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To meet the requirements for extreme conditions, - Submarine 
Electric Blasring Caps are furnished (on special factory orders only) 
with gutta-percha insulated wires. 
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Fif. 18. — Submarine Electric BUsting Cap — Showing Gutta^Perclm CoTer^ng 

for Water-proofing 

' • • • « 

Delay Electric BlUsting Gaps.^In'sotne 'kinds of blasting, 
parricularly in tunnel and shaft work, it is necessfilry to blast each 
round of bore holes in secdons or in rotation. It is generally a sav- 
ing in time if this can be <ione in such a way a^ to overcome the 
necessity of returning- to the working face *af(!er each section has 
been blasted to arrangie for the next blast. When fuse and blast- 
ing caps are used to detonate the explosive, the fuse for the different 
bore holes is car in different lengths so that the charges will explode 
in the proper sequence if the fuses are lighted at aboUt the same 
time. There is practically no limit to the number of charges' which 
can be- exploded- in sequence with fuse and blasting caps in this way, 
but electric firing is much more satisfactory for the many reasons of 




No. 6 Electric Blasting Cap 
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First Delay Electric Blasting Cap 




Second Delay Electric Blasting Cap 

r 

Fk. 16.— Comparison of size of Blectric Blasting Caps and DeUy Sleetric 
'BUst&gCapp 
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Safety and ^effectiveness already pointed but! Under mbst conditipns 

• there is nothing to be gained by dividing the round of holes inlo 
more than three sections. This permits of cut, relief and rib shots. 

Delay Electiic Blasting Caps have belen developed for such con- 
ditions, so that these three classes of shots may be fired in rotation 
with a single set of wiring and with but one application of the elec- 
tric current, and in such, a way that there is no trouble froiti the 
first round of shots breaJdag. the. wires fpr the second and third 
rounds, as is the case when two or three sets of wires are used for 
series shots using only Electric Blasting Caps. 

There are two kinds of Delay Electric Blasting Caps — "First 
I>elay" and "Second Delay." . These ar^^ so constructed that there 
is a short lapse of time after the current is applied before the "First 
Delays" explode, and a longer 4elay before the "Second Delays" 
explode. It should not be understood that all "First Delays" 
explode simultaneously, but the variation in time is veryiittle, and 
all "First Delays" explode before an^ of the "Second Delays." 
There is also a little variarioh in the time of expl8kion of the "Sec- 
ond Delays." 

In practical work. the Deln^ Electric Blaibting Caps ajts'trised in 
connection with Electric Blasting Caps. As the Electric Blasdng 
Caps explode immediately upon receiving the electric curnent) they 
are used, in the holes, .such as cut or leaking in hohes, that are to 
. jSfe first, thereby t'elieviag the- buirdeii on the second set of holes, 
such as relief shots, which are primed with "First Delays.'' The 
last set of holes, such -as rib or trim shots, are primed with *' Second 
E)elays •• and fire after all of the others axe out of the way. A better 
' understanding of this loading may be obtained by a close study of 
Fig. U7, pdge 107. 

Delay EWctric Blasting Caps are manufactured in th« same 

• strengths (Nos^ 6 and 8) as Electric. Blasring Caps. They are fitted 
with copper wires only. The lengths of the wires are the same as 
for Elettric Blasting Caps. The wires on the "First Delays" are 
white, and ^hose on the "Second Delays" are !>{(% to discie^uish 
them from one another and from Electric Blasting Caps before and 
after loading. 

Delay Electric Blasting Cap wires are connected for blasting 
just as are Electric- Blasting Caps. • They niay b© <:onnected in the 
same series with.*aayaf the -other electric detonatOTS or with Delay 
Electric Igbkers. 

Delay Electric Igniters.^These are made up of a cylindri- 
cal copper tube, into one end of which the wires, plug and bridge are 
inserted, and into the other end is crimped a piece of fuse 2< inches, 
4 inches, 6ffnches,"^ inches, 10 inches or 12 inches 'in length, and 
designated as First I>ie!ay, Second Delay and on to Sixth Delay, 
respectively, the fuse acting as the delay. Th<^ aid. made with insu- 
lated copper or iron wires of the same length as the Electric Blast- 
ing Caps. They are adapted for firing charges- of explosives in rota- 
tion, by placing an Electric Blasting Cap in the cut holes or the first 
^t of koks to be fired, the First Delay in the second set, the Second 
^elay in the third set, then following with the other Delays in order. 
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Fig. 17.— Delay Electric Igniters. These are maaufactured in six loigtba 
for wa delay periods, and are loaded after a blasting cap has been crimped 
to the fuse, according to the- delay, in ezac^ the same manner as ]>elay 
Blectrie Blasting Caps. See Figs. 16 and 148 

When they are used wfth dynamite, it is necessary to crimp a 
No. 6 or No. 8 Blasting Cap to the fuse and insert it in a cartndge 
of dynamite as a primer. When used with Blasting Powder, it is 
not necessary to use a Blasting Cap. 

The use of Delay £]ec<ric Igniters is strongly recommended for 
all metal mining and for coal mining where it is unsafe to fire more 
^han one shot at a time. By their use it is possible to load as mai^ as 
six shots, and with one set of connections and one application of the 
current, have each shot fire singly. This applies to the use of both 
Blasting Powder and dynamite. 

Before using a half ihch should be cut off the end of the fuse, as 
the waterproofing compound in which it is dipped may aifect the 
powder c6pe at ^the end. 

Connecting Wlre.-^Hiis: smaUNo. 20 and No. 21 insulated 
coi)p)pr wire is fupished on sj^pols weighing either one or two pounds. 
It is used for splicing Electric Blasting Cap Wires when they are too 
' short to reach Jbetween holes.' 

Leading' Wire. — ^Leading wire Is used to carry the current from 
the blasting machine' to thie Electric Blasting Cap wiresf in the bore 
holes and return, r. It is heavily insulated No. 14 copper wire aiid 
comes in coil? of 200 ft., 250 ft., 300 ft., and 500 ft. in length. 
I/cading wire is made .either siiigle or duplex. 




Single 



Duplex 
Fig. 20.— Sheading Wire 

• Goi:4eau. — Cordeau» or detonating fuse, is a small lead tiibe, 
about the same diameter as double tape fuse, filled with an explosive 
compound which has a velocity of detonation of about 17,000 feet 
(more than 3 miles) per second. It is now used principally in ddep 
well drill blast holes anil similar large blasts. 

In spite of the great velocity and strength of the detonation 6f 
cordeau, it is very insensitive and cannot be exploded by hammering;, 
pinching or burning. It is exploded in actual use by Blasting Caps 
or Electric Blasting Caps. ^ • ; 

The extremiQ violence of the explosion of cordeau is sufficient to 
detonate high.explosives lying alongside it in a bore hole. ' ' , 
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Plain Fig. IB CpyM m J 

8po«ll U CodHu ^ 

Cordeau is furnished eiiher with thejilaiii lead covering or with 
the lead covering surrounded with a second covering of cotton cord, 
the first being called "Plain" and the second "Countered." 

See page 65, for specific information regarding loading holes with 
cordeau. 

Blastlnft Caps. — Blasting Caps are the detonators used for 
firing high explosives when electric hiasting is not practiced. They 
must always be used with Safety Fuse, and are in no way inter- 
changeable wktti Elecoic BUsiuu Cafs^ 



e 



Pl|. 19.— No. Bludnt Cap 



It Is nnt possible to fire a number of blasts simultaneoush' nltti 
blasting caps and fuse. Such blasting must be done with Electric 
^srins Caps, 

Blasting Caps are small copper cylinders, closed at one end, 
and loaded with a charge of a very sensitive and violent explosive 
that is exploded by the spit or sparks from jafeiy fuse. They are 
manufactured in the same strengths as Elertnc Blasting C»p» (Nos, 
'6 and 8), and have exactly the same strengths as the same numbers 
of Electric Blasting Caps. 





U..€- 


No. 8 




Red 

.234" 


Green 




Diameter of Copper Shell 
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Safety Fllse>— Safety Fuse is the mediuin of brih|in8. iparks 
to bUning caps to file them and toigniteichatgerof blaituig powder. 
It is made up of a fine train of powdei tightly compress^ in^ aad 
more or less water-proofed by inner and ouiet wrappings ot cover- 
ings of tape, yam or twjne. 



ViR. 21.— Cio» Sectiim of Safety Fuse enUind 
—-showiut "A," (he IMin ot powdn, and "B," "C," 
"D," the laveii of ptatecdof and VRtat-ar«Su 
- * ■-. The pqwdei train buini wbilB Iha pio- 



The rate of burning of fuse 
:v*riea ponsiderabty with the dif- 
ferent, biands, speeds of from 32 
to 40 seconds per foot being' ob- 
tained. Even the same brand and 
'hiakc of Al9e may vary as much at 
ten per cent, either way from the 
average. The above ligures are 
for the rate of burning in the open, 
IS there can be no absolute stand- 
ard rate in the confinement of the 
bote hole due to the many kinds 
of stemming material and different degrees of tightness of tamping. 
The burning speed, however, in the bore hole is somewhat faster 
_!tlian in the open. A rule-of-thumb method is to allow one minute 
-for each two feet of fuse.  

The classification of brands of fuse sold by the Du Pone Com- 
pany is: 



Pig. 22.— D0Dbl« Roll of S«l«lT Fsu 
with Piper Wiapjrinc lemoved 



, Dry 


D^mp 


We. 


Uod«W««r ' 


Hemp (white)* 


Single Tapet* 


Double Tapef 


Triple Tapef 


Hemp (black) t 


Sylvanitet 


White Monarch! 


Black Monarcht 


Cotton* 


Beaver* 


Beart 


Eclipset 


Blue.iabelt 


Charter Oak*. 


Acme} 


Pacifict 


Planet' 




Victort 


American Eaglet 


Superior 




Comett 


Clover* 


. Mining* 




Shieldt 


Crescent* 






aiarterOak(Bl)* 


Reliable* ' 

Stag-' 

Dreadnou«htt 


•i< .old tut of Mon..n». W>.™infc Colc,r.<to .nd N»w M»ico, or i„ th. 


Euiem Sm«. 


1 1> «ld ™t of North Diko.., Wyominj. Colorado .„d N.w M«i«,. or the 


""rff^id'iSw 


iiut of WyoBiine, 


coio>»io >nd Nco ^ 


r.i™,oril.e Midait 
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The-diiFereilt kinds of safety fuse made are> thub divided into 
four classes, according to the kinds of blasting for which th4y are 
' intended. These classes are: 

Dry Work Wet Work 

Damp Work Under Water 

It should be remembered, in all classes of blasting where water 

.is.encoun|:ered» that the loading, should be done and the shots, fired 

as soon as possible. While thte brands listed for "Under water" 

"will burn through watet when first loaded, they will not withstand 

Wetting for a long time, especially when, under pressure of several 

feet of water. 

Hemp Fuse and Cotton Fuse are too small m diameter to properly 
fit the standard blasting cap, and should be used only for exploding 
blasting powder charges where, unless a dynamite primer is usedy a 
blasting cap is unnecessary. 

Cap Crimper. — ^No blasting . equipment for either blasting 

cap and safety fuse or electric detcnators is complete without r a 

^Cap Crimper. It is a special tool for fastening blasting caj^s. ^o 







Fig. 23. — ^The Cap Criinper is necessary for attaching blasting caps to fuse. 
It Is iuso usettxl for xhaking holes in cartridges of high explosives when mak- 
ing primers The one shown is the No. 1 type. The No. 2 typie has a lose cutter 

safety fuse and for punching holes in cartridges of dynaipit^ for 
inserting the detonator. 

Blasting caps must be securely fastened to the safety fuse, both 
to prevent the fjuse from being pulled out of them when the primer 
cartridges are loaded and the bore holes tamped, and also to facili- 
tate the process of water-proofing the blasting caps and primjers. 
This can be accomplished only by the use of an instrument miade 
especially lor the purpose. Cap crimpers are essential for safety 
and for efficieniqy. They make the flat sleeve crimp shown in the 
accompanying cut that holds the cap securely oh the fus^ in such a 
Way that but a small amount of ^ny of the water-proofing substances 
is required to protect the cap charge from water. 

They are so made that they cannot squeeze the blasting cap 
far enough into the fuse to trouble the burning of the powder train 



'm/y?yyyr/fi^^^^.. 



Fig. 24,— Ca;p Crimped to Fu^e 

d cause misfires. They are well, made of good noaterial, and ^if 
d only for the purposes intended will last for a long time. 
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- Tamping BagB.'^Tamping* Bftgs fnade olF heavy pa)>br are 

used as bontainers for ^sand> clay and other Anaterial for tampiftg. 

They 'saye time and' trouble when k)ad<ring bore botes, patticulaHy 

those pointinc; upward. . . > . 

They .are^o employed ascontaihers for blasting powder when 

the miner or blaster desires i?o make up the charge in cartrid^ form, 
' as is generally the custom when it is^ used in mine^. or in open work 
 that is damp and where the holes point upward. 

In use the desired amount of explosive or tamping is poured' into 

the bag, and it is then placed in the bore hoje in the same manner 

as cartridges of high explosives. 

' They ire mad6 in the following sizes: 



Diameter Length 
1" X 8" 
l><"x 8" 
IX" X 10" 
IX" X 12' 



\n 



Diameter Length 
lX"xl'0^ 

IX" X 12" 
IX" X 16" 
2" X 18" 



»> 



IX" X 8" 

 For convenience, they are made approximately 2 inches longer 
than shown in the above table, in order to provide for folding at 
the end when in use. 




(Bmp^) 




. (Fun) . •.,..:- 

. , «  • .. . 

VIg. 25.^Ttoupiiig B«gs for loadliic Grammar Btytodt^s and TampiiigllCiite^ 

/ •• . .. ... .V. 

' Blasting Mal^^^Blasting Mats are heavy mats made of rope; ' In 
dty Waiting, they ar6 placed over Wast hcAes to cAtch or hold material 
flying from the blasts. Hfemj^ rope is generally iis«d and is consrd^ed 
the best, although steel wire rope has been tried with success. '•'Fhe 
mat^'arfemade of 1-inch, iX-incb or IX^nch rope, according tb the 
demands of the custimier. They are not carried m stock, bat are 
ifoven on order and are made in any siase required. If the Masting 
mats are to cover light charges of explosives, tbey may be spread 
directly over the bore holes; but if heavier' ehaitre* areUsed^ railmud 



eeveral feet above (he blast, so that when the bla« is 6red the dBbris 

is caught on the underside of the mat. 

Useie, also made of libre. bojard. heavy plants, timberi, crosB-lies, 
Jogs and brush, These are placed ,ovcl the blasts to fottn a blanket;ft>r 
, holding down the hrolten frag men ts that might fly fromthe Mast, A« 

practically all blasting conditions vaiy, litlle'exact a<]vice-ca> be 
.giysn, so tbe blasts must depend laigely on his own judgment in 
, placing mats. 

These arrangements are very effective in preventing the rock 

from being thrown into the air, and should alwaye be adopted when 

blasting is done near thoroughfares or buildings. 



foi Pieseodnc Iktcrlal from Fljinc fion) BUit* 

THAWING DYNAMITE 

y high explosives containing nitroglycerin chill or freeie and 

i-beccme inseotitive.incoU nw«th«r. When frozen, iiynar<iite is di^ 



ficult to detonate or It may bum instead of explode. Burning dyna 
mite gives off fumes so poisonous that men have been killed by 
.them. Dyuawite when chdled Of ftOMA canflCK. develop iti full 



! streagth in a hU«t. Soriie provision, therefore, must beniade fer 
! thaiwiog it and for krtping >( tkawtd until' it isloMled into the bore 
,hi»le. , 

-■'• On Work where theae expk>Gives are used in large quantitiet. 
.thawing, houses are nectaiary) but' even then a. thiwing, k«tt|e 
. &boubd lie erfiplciyed fo take the explosives from (he thawing house 
: to flhe place nherc they are to ha uaed, to prevent them from becDOi- 
uiaichilMor frpMD :«i>>s.. ... I -' 



THAWING 
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If not moDs tinuf ith»er thr«e;hun4re^ fdunit et dx^os 

necessary, ; 

dynamite in a few hours, 

Du P«nt Thamns Kcules.ue »\\ ttuti« with a water-tight com- 
partment for the explosives, which is surrounded by the receptacle 
. fot the hot WMM Mti to fumith the heat for thawing. This hot 
water tnust not come ii) contact with the dynamite. The entire 
kettle is inade in one pieCe. 

While thawing ketaes wit) retain their heat and keep the explosive 
thawed for a considerable tifnei dtpSndinet: of' caiirae, on the nature 
of the Weather, this effective period caa be increased to about five 
time| at long if the warm kettle is kept in a barrel or box with dry 
hay mtrounding it. This hay can be held in place by a cylinder of 
wire .tcieen, so that the thawing ketlle can easily Jac removed and 
replaceil. If the barrel be mounted o[< t*o whtett with a tongue 
attachment, it can be readily drawn from point to point about the 
the outside work, so that it will not be nectesary to expose the dyna- 
mite to the cold air until it is to be loaded in the bore hole. Some- 
what similat benefits result from wrapping old blauliets or sacks 
around the warm kettle. 

Under no-cimmstancec must the ^water-he heated in the thawing 
kettle itseJf, even though the explosives be first removed, because 
nitroglyct^n exudeireadily Ironv warm dynamite, and enough of it is 
likely to be found p the bottom of the explosives compartment of a 
thawing, kettle that has been in Ute fot some time, to cause a 



Kg. IT,— Da Peainuiwinc EelUe. sbaw- 
Ing two con&pvtnunti ui^' Djumite. 
8«e Table below lot dse* 





Cp^^m 


Wtight 

Empty 


o». 


FiUsd 


Ou»i.Ic 


DuPolit 

Ni>. 1 
Du Pow , 

N0..5 


30 lbs. 
60 lbs. 


ny, lbs. 

I7>^ lbs. 


40, lbs. 
77K lbs. 


82M lbs. 
155 lbs. 


14"'', X UH" 
fTjr X 21" 



DYNAMITE THAWING HOUSE ' 

u for different types tie fumiihed oh appllcatioii 
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THAWJNtJ.,! !. 
HEATED BY HOT WATER 
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serious accident it the thafwing kettle should be placed over a fire. 
It is necessary to heat the water in something else before filling the 
water jacket. The hot water must always be tested befofe filling the 
dynamite compartment. If it is hot enough to hunn the hand, do not 
put the .explosives into the thawing kettle. Never fill the water jacket 
unless the explosives compartment is empty. See that the explosives 
compartment is perfectly dry before it is filled. 

Thawing kettles should be kept clean at all times. Should iny 
of the expjosive compounds leak out, the explosives compartment 
should, be thoroughly cleaned with a solution of Sal Soda: 

The us^ of thawing kettles cab, to a large extent,, be done away 
with by using Low-Freezing explosives, such as Red Cross Extra 
dynamite knd Red Cross Gelatin. Arctic Powder does not freeze 
and never required thawing. 

MAKING PRIMERS 

A higji explosive cartridge with an electric blasting cap or other 
detonatorinserted is called a primer. Primers should be carefully made : 

To iqsiixe the complete detonation of the explosive. 
To k#eij the detonator from pulling out of the explosive. 
To gua^d. a£4ipst nooisture. 
To pecmit easy and saife loading of bore holes. 
To keep the safety fuse when blasting caps and safety fuses are 
used, froifi pulling out of the blasting cap. 

Making a Primer With Blasting Gap and Safety Fuse. — 

In making a primer with, blasting 
cap and fuse, -cut ofF'a sufficient 
length of ftise to reach from the 
charge of explosives loaded in the 
bottom of the bore hole to thitee 
oi: four inches above the collar or 
top of the bore hole^ In all clashes 
of blasting, the length of the fuse 
must be governed by the time re- 
quired for the blaster to reajch- a 

Fig. 28.r-Cut Off a Sufficient Length safe place after lighting the fuse 
of Fuse as shown in Fig. 2%, 

Af^er ren?ioving the cover of the blasting cap box, altow a single 

blasting cap tp slide gently into the hand. (Fig. 29.) jilever try to 

Kick a blasting cap out of the 
ox with a wire, knife blade, 
stick, ot othei* hard tool. See 
if any 'foreign matter, such as 
trash or grit has gotten into 
the open end of the blasting 
cap; if $0, shake it out gently. 
If the end of the fuse is flat- 
tened, roll it between the Fig. 29.— take One Cap from the Box 
thumb and finger to round it ^ -Wit^i the Fingers 

out again, and sHp the blasting cap gently over the end of the fuse, 
so that the fuse reaches down to the explosive charge in the 
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Mttkin^ cap. < <Se^ Fig..90;> Do not twist the.fu$e tn^o the blasting 
cstp, andr- do not use violence 
or force when handliog thii lilast-<' 
lug ,i:^|KS,Qp, when making pri- 

Wh^n .the .bla$tin£ cap is 
placed o^. the fuse^ fasten it. 
j5^cM*;ely m^ place with a. Cap 
Criflipf^r (Fig. Z3). The crimp , 

fnust be ; made close to the; open pig. 30.— Sli^ Cap on End of Fuse 
^d of the blasting cap,, as is, 
^howixin Fig^ 24^ page 26. To. make the crimp further down might 

cause an explosipii and seriously 
, injure the blaster. 

When the primer is to be used 
under water, the.uniort bet^eeri 
the blasting cap and the fus^ 
should be protected against 
moisture by a coatihg of soap, 
Carpo paint, axle grease, wax or 
1! h ' ' x\ i/.'. :.ii» «• ^cj^p sealt. ',Niev^r u«e .any sub- 

stance for seali]^' a cap that 
contains any oil, «^s it will ii^jure 
the fuse. :,,. 

Priming in th« Ends of 
, ^ ^ Cartridges. — Th«re are two 
^i^'31.-Cfimp^CaJ to Fuse with Cap ^^^ methods of priming carr 

^Tv tridges in the end* 

(a)'Wixhr4hehandl&-Qf the cap crimper or a wpoden awl, punch 
a hole straight into the en^ of 
the cartridge to a *uflicient -d^pth 
to receive all of ihe copper shell 
of the blasting W^ . (Fig. 52.) 
Insert the cap witli the fuse 
attached into tb^'hole and fasten 
it there by n)€ai*i of a cctrd'tied 
first around the cartndge (Fig. 

33), and then around the/ fuse, ^. 

Fig. 34. This is an easily made jjg. a?.— J^chlng Hole with Haifedle 
and highly ss^tisfa^tori pnm^r. of Ca]p Crimper r, .. ; ,, 






Fig. 33.-'ne Cord Aromid Cartridge and Wg. 14.-Th*n Arottnd Fuse 
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'To 'vwittef'^mof sirch a piriin€r> dose' the. Hde ;whei»: it^ /fwW 
enters the cartridge with any-.pf the> -sealing .materiak nteiUipn^ 
in an earlier paragraph under this/ general hdadizLg;. ' . , . m., 

' (J) The other rttetHcid « to tin- 
fold the paper frppi tl^e end o|'t?he 
cartridge ahd jpiiuibh ^hoW directly 
into the tenter cf'^h* exposed 
dynamite, flbse \he looie part - 0f 
the papei- fehell atoihid thie 'fiiW, 
and tie it rightly; " (Fig. >35..) 
The pi'ocesrsoF^^atteh'prdpfinfe'is t?Ji^ 
sanie* zt ih the #rst nfttethod 
m'^\ / descritedr- -.^ 

Priming in th^ end has the adv^iritage of jplauing tl^fr4)lasting cap 
pr other ^etpuator in the best possiWe positioVi for detori^KJng the 
^plosives used; but it sometimes has the drsa#?uu:age, esprclally 
when the bore holes are small, of n9ft le|Vin^ siiflldfcftt r«oi^ to place 
the ta^nping stick oij the primer ^to slip lit ifito placp. iq 'the charge 
i^ the bore l?ole» , . ! . ; \ \ {' ' \ 

Priming In the Side of C^tridges^F/br priming a car- 
h-idge in the ^ic!^, the blasting cap ^nd fuseiiare handled as has just 
been described'. The 
hole is begun about 
Hi inch' or^an- inc^ 
and a half frphi one 
end of the *dai*tridge, 
and should pdittt in' 
and tiowafd' the otfhe«r 
.find, so -that when 
the blasting cap is 
inserted it will be a«" 
nearly paraHel as pos- 
sible, to the sides of 
the cartridgev It 
should never be 
punched straight 
through thjft' car- 

would not. place the- - Handle of Cap ttfaitpet' < • »• 

blasting cap m the 
proper, place for detonating the explosive> A blasting cap in such 
a hole would be easily displaced or injured in loading. The cor- 
rect location and angle of such ^ hole Ts Ind^cate^ in Fig. 36. The 
* hole -should be-4f«p^'e^<>«gb to f«teive tjie..entii]^ copper shell of^ 
th« blasring cajpf.^ " ^ \ ._ f ' '•^^- - -•^' 

The blasting *cap "with -fiw*? attached is $ripped ihtathe hole and 
securely fastened by means of a cord ti^^rhnjyrf^etmd the fuse (Fig. 
37), and then arbund the cartridge (Fig. 38X By this means, the 
cap is held securely to the cartridge eliminating any danger of slipping 
out fl»4jaf^!?l;y: f esi^^i^^in a njisfi.re. . ^ 
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This method of priming in the side has the advantage of leaving 

lore space for placing the tamping stick on the primer, without 

•>t^_^ ^ bending the fuse, but it cannot be 

"^^ ci. JpT pM  ' ' ' ' ' "sed in such small Tioles ^s can the 

■■*/ r end primers, on account of the 

t'.._.. .... . fMSe lying, alangside.the.' cartridge 



n quite so good a position a 



',ri qjinc in 'tliL -»sA . 



blasting ca 

Such a primer is irater-proofed ■by coveringtbe xoinc betwe^ the 
fuse, and paper shelf with any of the water-prooling rifettgrtals already 
descriBfcif;' ■- y 

There jtre'^ luimbei of.otbei mediods of roakiog piimeis, but the 
three methods described are the only ones that have proven to be 
safe and reliable. 
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Fuse should never be Uced through cartridges of high explosives, 
le fuse may burn through the covering or 
primer before the cap explodes .and dt;to- 
aterially reduces the force of tht blast an4 

iken to avoid injuring the fule in.sny wly. 

, bor^ holes. '  

fth Electric Blastiag Ca^si— Prtoers 

blasting caps or other elettnc ;detonatorB 

lesctibed for the use of blaStiiig cap and 

is done in exactly the sam* way. See Fig. 

lage 34.  /  

;r, prefer to use a slightljj fasipr method, 

nhich has beeif fou^d entirely satisfactory. y 

• Punch a hele from the center of the end of tht caijtndge in a 

slanting direction so that it will come out at the side c+o or three 

inches from tbt endi insert the end of the doubled orerHrires of the 

electric blasting cap (Fig. 41), loop these around 'the cartridge 

after vr^ich another hole is punched in the top a ^ttle to one 

side of the' fitst and straight down. Insert the capsule in this last 

hole as far as possible and take up the slack, on the wires. You 




:^M— 






tit. 41.— PiinUnf irilh BItcttic Bludns Caps 

1 primer where the wires do not cross each other at 
any pomt and the capsule or detonator is lying nearly along the 
center hne of the cartridge and the primer hangs vertically, so that 
it is possible to load it in a vertical bore hole without its lodging 
against the sides. 

The yntes of electric blasring caps should never be fastened 
around <bigh axplosive cartridges by half-hitching tlifipi aj a strong 
pull would likely either break the wires or cut the insulatiiwi. < - 
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;. .friming Wkh Qther Electric D^tdnditorsi— Primkig vit& 

othferdeotric detonators, such as Dday Electric Blasting Caps, Sub* 
marine Electric Blasting Caps and Water-pfcoof Electric Blastingr 
CapS) arieniafdeeHaetly as are pririiers mth Clectrie lasting Caps, 
with the^singlediffisrence that larger holes' in* the e}£plosiv« oartridgei 
are required -to receive, the detonators.' 

JRiimitt^ With Delay iiElec trie I^iterSi-^A Delay Electric 
Igniter must have a blasting cap crimped to the exposed, end of the 
£utse from which> a half inch' has /beea cut -of for Reasons previously 
stated. The^niethod of making of prtmers-is similar to tnaking them 
with bkasring caps and fuse.'' This may beeither ititheendor in the 
side. In , wet wbck the caps should be 'water^proofed. ■.'■.. ^. - 

ELECTWC WIRING 

f .'The wiping or connecting of an electric blast mu^t be correctly 
done . to insure, success. The work of vriring n^ay b^ divided into 
three parts: , , , ..... . 

Connecting the detonator or squit wires together either directly 
or by means of connecting wires; •  ~ :: - ^^t - 

Coniiecting *the proper detonator wnfiEs to the leading wire; and, 

Connecting the leading wires to the blasting' machine. 

Connecting Detonator Wires. — Connections between deto- 
nator v^dres or between detonator wires and conihecting wires must aH 
be carefully made. First scrape the bare ends of tbe wines with a 
Icnife blade, and then join theip with a long.twi&jC.j^f^efall^^nown 
as: "Weston, Union Jwist**),, sMch as .is shown, in, Fig. 42. Such 5| 



1 



£ftart 



I.. ' .  ■>  • 



finish 
Fig. 42. — Correct Method of Splicmg Cpimecting and Detooajtof Wires , 

twist should be made tightly to keep the resistance in the joint 
doWh to a minimum. If thereis no bare end to the' connecting: wire, 
skin off about two inches of the insulation. A later paragraph Will 
give detailed information about protecting these bare joints, i Neyer, 
under any circumstances, loop wires together. 
. Connecting^ Detonator Wires to Leading Wires.— Jn 
making this connection the ends of the wires must h^ cleaned^ 
Wrap the detonator or connecring wires tightly around the end of th'<J 
leacjirtg wire about one inch from the end. '(Fi^: 43.) Then bend 
tl^ie'end of leading wire back sharply and take a turn or two of. the 




Fig. 43.— One Method of Attaching Contiectid^ Wir« or an Electric Blasting 

Cap Wire to a Leading Wire ■" " > 
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(fetonator wire around the loop. This last l6op is istntfply to moke a 
stronger connection to withstand any accidental pull on the leaditfg: 
wire that migh^ tej^r the connection loose. • : - 

Connectiiig the Leading Wire to Blasting Machine^,^-^ 
The oonnection of the leading -wire to blalsting^ machine is made by 
loosening the wing nuts on the two binding posts and inserting the 
ends of leading wire into the two snuall holes* in dub binding -posts 
and tightening the wing nuts down on the wires. 

Protecting Bare Joints In Wiring.-^The nakfed joints in the 
wires of a blasting circuit must always be protected agaihst 'short 
circuiting, 'especially through water. This-is done in several waysi 
When connections lie on moist ground^ they may be heldtniyby slip- 
porting them on stones, blpcks or sticl^s, so tjiat only the insulated 
parts of the wires touch the ground and supports; or the joints fnay 
be insulated with tape. (Fig. 44.) While not generaMy needed 
where the joints can be" held off of the ground, the taping of joihts 
is strongly recommended where the joints are covered by tamping, 



Fig.. 44.'-A Properly Tapecljomt ■• . ' 

-  . ' ' ' - . ' •  . : ' " '. ' . . . ' ,■•-..) 

^faere^ they cannot he' held out of the water onpro^s, and where 
blasting must he done in a rain storm. 

Sejries. CdnneCtionS^-^When using a blasting machitie, all 
blasting circuits ' must ' be connected in "series." This i« done by 
connecting one wire from each hole to one wire in .the next hole, 
and'io'dn th the end, when onty the "tWO end wires ire lefefree. 
These are connected to the ends of the leading wire. All of this is 
shown in the accompanying cut, Fig. 45. 

This method of wiring can also be used when a power or lighting 
circmVi« used for frring the Wast. "* " ' * —••..;.:? 

Using this method \}i amperes will be required and a sufficient 
voltage to overcome the resistance of the circuit, as is shown by the 
resistaficfe tables oh pages 4'5 and 46. '' ''* ' 




Fig.' 45.— Series Connections. A. Blasting machine. B. The'two striUids 
of smgle leading wire. C. Cbnnections between leadklB wire and elMtiio 
blaatinffcap wires* D. Connectiona between electric .bjastwg c4tjP wireA. X. 
Coni^ctioi^f between electric blaatlng cap wires and a abort piece .of con-* 
necti^ wire F» used to connect electric bhsiing cap wires that are too short 
to reach' from hole to hele. This mav bd left out when long elettric biMthig 
cap wires are used, or it may be used, between all holes in some cases 
.■...'••■■■■'• '  • 

When duplex wire is used a |}rcce of connecting^ wire, •**A," is 
required to connect the extreme end to the leading wire, as is shown 
in Fig'* 47. This has a single objection in ^h^t it introduces, ani jiddt" 
tional connection which Will increase the resistance. 
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Fig. il6.-*Sliowiiig a Stomp^Blast, with 
four ^Bieciric Blastiiig Cap8_yn»^t^ W; 
in seriei; the Leading Wae; and 
Blasting Machfaia ^ 
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Some blasters prefer a slightly different method of making con- 
nections which obviates the •tts^-of' -eefinecting wire in connection 




with dupleit leading wire., This i^ shown in Figi;48. It takes one 
less connection, bu| is slightly more expensive on ai^count ^f requiring 
longer electric blasting cap wires ^nd redtiires thfi closest attention 
in order to'' get a good circuit. ^ 3 



get a good 
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An excellent rtiethbd 6f making a 'series connection where tvrb 
lines of holes are used is shown in Fig. 49. This is of especial advaal* 
tage when using two lines of holes with Delay Electric Blasting Caps 
or I>elay Electric Igniters tnd in blasting wide 'dttch^* ' Either 
single or duiplex leading wire may be used. • - ; 
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Pig. 49 
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How three lines of holes for the use of Delay Electric Blasting 
CapfitorDday £lect^i<r. Igniters or iov^ytfff,^ieJiittiiik'h\pm^:m^y be 
connected in fltri^^rieiislMWn in Fig. '50... £ith.ei! 3ingle or duplex 
lea4iQ8i Y^ir^ may b« M^* i , ., . ' .. 
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Fig. 50 

All blasts to be fired with a blasting machine must be connected 
in series. These series connections may be used with a power or 
lighting circuit. 
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Fig. 51. — ^Anothw View of "In Series'' Connectioii, Using m Power Current 



Parallel Circuits. — ^Another method of connecting up for elec- 
tric; blasting when power or lighting circuits are used for -firing is 
"in' parallel." This type of circuit differs -mateiially from the "in 
series" circuit, and is shown graphically in the accompanying cut. 
For such a circuit the firing current ^ust have l}4 amperes for each 
detonator or squib, but the voltage of the current can be less than 
when the connections of the < same nqmber of, detonators are "in 



series. 
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Fig. 52.— Parallel Connections. A. Power or lighting 'circuit.' B. BUnting 
switch for closing circuit. C. Leading ^es of sufficient length to keep the 
switch **B" a safe distance from tne blast and to reach to the last hole to 
be fired. D. Bore holes with electric detonators. B. Connections between 
the detonator wires from holes " D " to the leading wire " C *' 



; I 



Parallel Series Gircuits.-^This type of circuit is k number of 
"in series" circuits, two or more, connected in parallel; as is shown 
in the accompanying diagram. It can be Used only with a power or 
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ligMtng curreht. Sach- a circuit rei^ikiresol^ ampecciibt QachrAQiiesii 
shown as "£," but' the 'voltage^ ii thetj«sistai|qa of the. k^^ivg 
wire is neglected, required is |ess than ^the amount required to ovei> 




Fig. 53. — ^Anothof Viewjof Psraflel ConiBLectioiiii ThisjbietiiocUcaiinot be used 
' i withtfa biastmg machine I f 

come the resistance in the series having the greatest ..resistance. 
The determination of this point is a slightly complicated ihathemati- 
cal problem for the blaster, and it is best to allow a good margin 
of safety m the way of too much voltage. 




. ^.[54. — ^Parallel Series Connections. A;. Wit^s of powei: oc Ji^jfting circuit. 
B.' muting swftcn for closing cireilit. C. i^ieading wii^S of snMRQt |ei«th fo 
iBpapthe swiUh'^B^at a safe- distance ffom the 1»liist andlSleach past ti|e 
last hole. D^ Por^ hol^ with «lect(ic 4«tonators. E* Individual series of 
holes "D'» ^, 

The abW^' method' oT Vj^iring canQot be used with a blasting 
machine. ' ', 

Wliriiig Oblay ' Electric Blastiiig Gaps, Delay EleiDtric 
Igniters aiid Electric Sqilibs. — All of these,, ^rtfljout jcogard to 
tpeif character or the time pf the delay, are wii:ed exacffy as has 
been described for Electric Blasting Cai^s, ^e saine.<prii>c;ip]es of 
Series 'ind parallel circuits applying in all cases. Cate Tadst always 
be exercised to get the correct deliay in the ngbt hole.' \ 

GALVANOMETER 

.r Thd Du Pont .G«lvanometec is ^ii iri^trumdtftvieij %1blast*;rs;'tt> 
test individual iel«f trie jbla«tiiig caps or electric squibs, to determine 
ttrhether or not a biasing circuit is. /A closed*' and-iiit'the prppec 
condition for the bAasti on n^her iti.is Tope^n*-' dUe.itOifojiJtyrqonn 



GALViW^OMETER : 



ofletk* or thoet 




.^. 55.~A[U>that View of Paialltl S«iS4 <^<iiwkOw 



"It is a magnetic device whifh in ufe moves a pointer ai ... 

scale, due to the flow of electric current from a small chloride of 

silver dry cell. Two contact posts for connections m» -coayeniently 

"tDcaRd. "It will wO[Lin..a4y ;K>$t- 

uion. The celled fiefdle.aie «on- 

. .!.t;v<i<il ■■) * c>!e [liade of metal 

 arid bard rubber, which is 

contained' in a lejthel. carrying 

- case. .The insciumetit it- small and 

fljLti--and of a convenient siie to 

carry in the podt^t-i , 

The battery c«ll U one (elected 
. attar a long 9«rieii of experimental 
' While i)f Irmg lifi and .of great 



current whicb ■is.,seiit. throudi an 
electric detonator when making a 
[eet wth tl)e;as^ni|:tl|Bd iastriupem 
IS less, than _ one-ceoth . ot ,thf 
strength required to' explode it, 
. The length of tjnie a battery cell 
will last depehdf,,.qf course, upon 
how frequently it is used and how 
long the current is allowed to flow 



pie Iwtn of ronndotion t 
Hterto easily replace the exhauited call with  new one. 
it very small ftnd light, and aan bo Mnt by mail. ' ' 
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In use, the instrument in its leather case is carried by the 
bla st er vt bis sid c r ^sfawg- frem ; the- strap wliidr passes uv e i >his 
shoulder. To make a' test it is only necessary to touch the epds 
of the two wires to tfe two conitact posts.;, If there & a circjiit, 
the| indicatw will immediately move over^he scale. ^' Breaks {are 
quickly located by following the simple iij^tructions given laker. 
Th^ instrument and the methods of using it ^re such as- apply tojthe 
requirements of the practical blaster, as distinguished froii|j the traihed 
ele<|trician, whose finer instruments and methods woiqld be ajt a 
disidvantage under the. tonditioixs prevailing on the ordinary electric 
blasting job. Such ekttemely accurate eleictrical tests; > are selcom 
neeided in blasting work. y-,. 

rrhis instrument is recommended because it is a iponvenionce 
and a time^saver, and also because the more ^xact methods whicn it 
makes possible not only enable them to secure better execution f jom 
exFposives/but most important of all, these exact methods minii^ize 
danger and lessen the tisk of blaM failures and accidents; - \ 

•Testing thfi>.Gal^anoiiietet.rTrIbeJ3^axuMnc*er ^«hould| be 
tested; before beong used by placing »> short pietfe of copper ,^ire 
across its twT> bidding posts. • Th^ wire having almost no resisjta^ce, 
theineedle should be deflected to ^ wTdej^iii^riit. If it does nofftnpve 
entirely across the scale,' the battery cell is 'exhausted or weAehed 
and must be replaced by a^^esh oi|e. It can be caHbrated j>j^; com- 
paring its reading with the resistance of a Du Pont Rheostat. [; I 

'Directions for Usffig Du Pont Galvanometer.^' 'he 

operation of the Galvanometer is <iiiite simple. When a paspa^e^ ^ay 
(citcuit) is offered, so that the electric current can pass foo^ 3ne 
binding post to the -other, the current from the battery celf jfl< >ws 
thipup;n this circuit, traversing the Galvanometer coil on the* "wjay, 
caiisiqg the pointer to be directed. \.- s - • 

.Although the Galvanometer is. simptfe in design, and ''a^l^' siub- 
stahtially made as pos^ble for such an instrument, sooCe of tli^np^rts 
arej necessarily of deKcate construction^ ft should^ therefopile, be 
haidled carefully and kept perfectly cfryV " [' 

'To Test a Circuit.— To test af cirnitt wit4i tjrfe Galvanom- 
eter, connect or touch the leadihg wires ♦to its two binding posts, 
aftpr all connection* are ready for the blasit.. ' If tJ^' current is perf ;ct, 
thd needle wiH' move along the scale. |f the nce^l^ <^ois not m< ve, 
or hot as far as it should, there k a "fct^k in the df cuit^ or s( me 
hi^ resistance nke a bad joint. r ' '' ^ 



'To Locate a Brealc. — ^To locate i break, make surelthat jthe 
ends of the leading wires, which you would attach to the blasjing 
m^hine, ire .separated and not touching, anyihing.Csefi.JFig. S7» lyge 
44). Secure a piece of connecting wire, "N," to one end connection, 
**^Di" of ih% dre'dm- Thf* wire must be long ert6u^^ t*)PriacK^frti« 
the joint "D" to joint "C." Hold 't>ie bare end of "N" against 
the contact post "L" and touch contact post "O" either direct or 
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thfOtiig^ <lhe se<2ond fuecaiiof 'lesidiRg hyire "My" eo.ttt^ jokitf<XT 
If the Galvanometer now i shows- cir^uk^ while it did not when the 
test was made from the other end of the leading wires, the break is 
in the leading wires, and they -must be repaired. If it d6es not show 
circuit, findithe break in the electric blasting cap or ooniiecting wllrfcs 
by touching the contact post^ "O" (or the short piece of wire "M," 
connecting, with binding post, "0," whicheyer is more convenient), 
^o.each of the.bar.e jplnts %" **F,";;G*Vand *'H^'/iniSu'<S^Q^ssion^^ 
As long as you are "msi^e^'the break^ 'these contacts Will cause! the 
needle to be deflected. As soon as you get beyond the break, of 
point of 'high ntsismncer you get lei^heK «. rery tltgboideflectiul or 
none at all. In this way the trouble can be quiokly tratesd to the 
break 6t bad joint. For instance,. if awiVe in bore h<ile: No. 3 is 
broken, youget a deflection when *^0" or "M" is touched to "F," 
bu^ none on- touching ^^ G;'f ^hoWmg tihat the break is between -" F " 
knd ^Q" The bredk can then be easily repaii^ed. if. above the tanvp*. 
ing* If beiow «ke tamping and there fare two eteetric detonators Jn 
the hole, the broken one can be left out of the wiring and. the beler 
fired by the good one. 

If there is but ofte^l^ctric blastiri£ cap in 'l^e hole and its wires 
^Ff^ 1 broken loB^b^lo^. the tam^Qg> f he, .hole mMft bei.hai^fJIe^. ?s a 
misfired shot. •.. . mI . .'• 

'> . Sing^ ekictri/c. bl^stiiig cap«)Can als^^be t^t^4>. both' bdPpre and 
aftec: plotting thm in thfi bore hole,.si|nply by,;Couching: the .^ds.of 
tM 4«cti;ic bl^stiQg.frap wires .to lie fwp co^itact posts. Jjtj ^an 
eyceU^nt practipe to tes;t all .^Uctriq blasting caps, aftei;4ui«hing the 
loading, but before tamping the hole, as;.^^]l a^ wl^le, taoipii^gy i( 
rfw tanapiPfiisi^veir/iKfpefcJeep^T ,,, ,j, ,. : . ,., . 

The battery. cell in.the Gadvan^m^ter inusft be.renevyed ^hen jl; 

is. exhausted) 4ifld the Galya9(M:ne^0ff Kfequ^f^Uy.S^st^d. t(3^ m?jke sure 

rt, is? in good working qrder, ••' i - .  • :  

Use, ^ other, kind of cell than tb<? chloride, of silv^^ cell supplj^ 

w^h . th^ |C>>J viinometer. A, carbon c(?ll. is. jd^ija?ro,«^- ... 
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' F^eai'stanpie Table — How to Use.-^The fdnowing tabf 

tne resistance of copper wire Electric Blasting Caps, ' iVatei . ^ 

flectrjc Jl^f tin^ Caps, Subn^arin^ J^lectric Blasting Caps, pelay 
lectric olasting Caps, Delay Electric igniters and' Electric Squibs, 
singly and connected m series. 

Table of Resistance of Electric Detokators .akd Squib4 

WITH Copper Wires  • . ; 



I tii-h 1 * 



Length of Wires in 

Feet.... 

Ohms I^esist^ce., 



 rH. it - 



4 



6 
1,1 



8 
14 



10 
1.2 



12 



14 



1.21,3 



16 
1.4 



18 
1.4 



20 
IS 



30 



40 



50 



1^8|2J|2,5 



-t-r' 



•if- 



The two tables of resisjance show the resistance of ^ single deto* 
hator only. The total resistance of a numt^er of .detonators^ is ob* 
tained by multiplying the fesistauce of onQ : detonator by the tqtal 
number that are connected in series.' If the detohatoiis are Iconf 
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BLilSnUNG. MACHINES 



Table OF f^surrAsA^' or Ei^scsBMc ThuxivA'sot^A' aM9 S^WtiB 

.1 ' WITH:Ir0N WlftES" • ^' 



It ..I 



I  ) M 



u^ 



Length' of Wires in Feet . . 
{%in» Resistance ..,<.,..... 

r 
 ■«■ ll ^J J <l< J lu l l ) t< n ii '  



4 

1.7 



.5, . 
1.9 



6 
2.1 



( . I 1 1 i i 1 1 f' t 



8 
2,5 



 i '« I 



nected 'in other ways, the total resistance x>f th^ tircpit must be 
computed by the ordinary methods apixlying to '(parallel or parallel 
series connections. ' / ' ' " *' 



. Rotistaiice of Copper Wire.^ — B. &. S^ ^^auge in ^ ohms 
thousand feet of wire. ' '; 'i 

No. .14 (Leading Wire) ,,:. 2.531 -k . 

'. • •Na..20i(Coniicfctittg Witd). ' i.lO.M . ^ • 

'When ez<!eptidnally long. lengths 6f leading o« connecting. :wii4 
art usedr-in bU^itig circuits, the resistance ahoikld Be oohiputdd %jbA 
added to that of thd eleetrie. detonators to guard against d¥trl<>ading 
the. blaking. machine. 



) I. 



" Blasting machines- are Hised co geile^ate the current for firing 
blasts by electricity. 

AtlDu" Pbnt Blasting Machines, except the pocket siac, alre'SfnaU 
portable dynamos, in which the armature is rotated* 'by the dowm 
#ard tKrust of the rack bar, thereby converting muscular enettsy 
Hitb -elcjctric^l energy. They are not magnetos^ althbugh, they are 
often erroneously so (ialted; y .• , 1 wj . ;;. \ 

A.m2|gneto has a permanent magriet fbr a' field, whereas; th^ 
dynamos in the Du Pont Blasting Machin€fshave eiec(#o4nagnets. 
Tliey m-e wound sfomewhat differently froni a dymimo^ * built for 
delivering a continuous current for pow^r or lighting ^rpoMs>^ih 
that the 'current in the Du P6nt Blasting' Machines isf short cir- 
cuited through the field magnets for the purpose of bufldihg up*, 
intensifying and storing the current until the en4 ^^ ^^ rack. bar 
stroke,' wheti' tlie .whole accumuUted' current is sent out tWrougJi 
the finng line. ' , * /, '\ 

They kire rated according' to. the iiumber of electric bla^tiiig bip$ 
that tney can be depended^ upoii to fire when connected! V serr^sf. 



.1. • •' . 

Size of 
Machine 



Capacity, 
'Numbei* df 
> 30-fooc 
Electric 
Blasting 
Caps, Cop- 
pet Wtroa 



Pocket 
No. 2 
No. 3 

mo A 
'K9.'5 



{\ 



% 

10 



'1 to 
1 to 
1 to 30 
Ito 60' 
i to 100 
1 to ^50 



Used for 



Miningj slumping and boulder blasting. 
Springing bore holes, all classes of small blasts. 
All classes of general work. 
Alt classes of general work. 
An classes of largfe blasts. ' 
All classes bf large blasts. 



' 1' \ 
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BLA^NO MACIHNES 



:, t)M'tl«<tric bliKink i:bp with JOtTom cofpm^yiitt 
its taken as the ut)hi Thttt are five diftcrrat tizet, all of nhrch «fc 
t*o-poit machines.  
'. OfkCf^tinS » Du Pont Push-Down Blastinfi Machine.-^ 

To. operate the push-down blasting machine, set it squarely on a 
aoUd, level place, connect up the wiring as is pointed out on pages 
37, to 41, lift up the rack har by the handle (No. 34, Fig, 61) to 
Its full extent, and wiih one quick, hatd stroke push it down to the 
bottom of the box with a sohd thud, using both hands. "Try U> 
knock the bottom out of the machine." As the iiekbat appcoaches 



■git. sa.- 



— OHiitiiic > Puib- 
Bkatliia UuUiia 




'Down Vit. ».— ShowiuaM Two Tjtm-oI 



of the 



the boTtDtn, ii^ hMotties more difficult t 

*' buildjn^' up" of the current- but the speed of the thrun uiuum nm 
Jm diminisbM, because the &uih of the operation is just as impoi;- 
tant at the tian. t»o not be afrtid of pusMngthe rack bar dowB tob 
jliard. Tbe raachiae 'n huflt to stand it, and (his is liie only. way 
iiV use it Hiccecsfully. . 




48 BUETTING MA^THINES 

Opcr»tlnS &' Pocket BlaBtljj£< MflchimH. — Xft 09VW ^hc 
Du Pont Pocket Blascing Madiiiwi remove the cMrying.handle frooi 

the screw socket and insert the firing handle so t hat. i(he, slot cngaget 
with (be c(9sspiece. ,Hold.tht; bottoi 

hand,' witlh the binding posts' away' I. , ... ., 

Wich the right hand, with the back of'the hand towards you. Aftei 
the wires are connected, and when ready tCF fire, grye the handle a 
qiucl(, hard twist to the ri^ht (clockwise)— ^the quicker the. twist, 
the more current is developed. ' 

i Care of Btestleg MacUnes. — Do. Pont Blasiips Machiaac 
are strongly faxde, and will stand with little deterioration the treat- 
ment l«which it is necessary to subject them. Their mechanism, 
thouffl designed as simply as possible, is more or less complicated 
and deliAtt^ IVy will withstand the usage to which it \i necessary 
to put them, butthey must be treated with at least some considera- 
tionJ There can Be no possible excuse for throwing a blasting machine 
aboSt, or permitting it to remain expose* to wet weather Ot lying in 
the-mud. ^en a blaCt^g machine is treated in this way, its life 
will be short and. its useEalness limited. .. ' i 



IOC luKchiae. , 1, iBck b*i. Bbowing leath.wU«h 
eifiiiEe tU^on; 4,S,'lhB'cantai:I>|uW4,i>bIch, 
irti«'itMcbb)iihe ll«HWB of lh*'d«*c<a<tiii ink 
bu, bi«iik«lta0f»Bta(i b«tw«DiwA(iBallpliilAiui 
contutii one op tli« upper lace of the cootacl inrnic 
1, and the otliei on Hie nodBt ntHt of the bild«eS; 
ud in tbli way throvt tbs ntire currcM (kion^ 
Ihe outside cbrcuil, Uuit is, leadinc wire, elactik 
blutiug caps and aaqWMtlnc wlio; 8, 9, field mag- 
„._. << !_; _-. ,A -,ci[ bai h«a«« 



Remember that good care will, prolong tl 

inn machine, wilt reduce the necessity lor _ ..^_ ._. ._ 

mi^tain its e^icieifcy. Thebearings and gearings should be lightly 
oiltdoccasionallir, but on the commutator which ii the small 
cop pe^-covej;^' wheel on the end of the armature shaft (see 16 in 
Fig. 51),' use a little graphite, but lieter u* oih See that the 
two slots eutln the copper part of the comnuMtor are clean, 
and nithj>o.fUrwi*i£< matad ac.dHiirdiins^Bfe )t) thcm.Wiich might 
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) -rauie a thoit droiitJ' Keep the copper bvushes dean,, an^ 9tt that 
I i^y bear 'firmljr on. the^ oommutacor. Keep the circuit*-breakmg 
I €<mc«i2ts dean ani' bright. 

i When a blasting machine is not in use, store it in a dry and com- 

I paratively cool place; not in a leaky toot box or on top of a boiler. 
• Every blasting machine is tested thorougkly before leaving. t)ie 

works,' klid if a new one does not give satisfactory results when 
< received, it is not being operated- ptoperly or was injured by rough 

handling during transportation. 
I . Every blasting machine should be tested occasionally with a 
, Rheostfit, ' • 

' * * .» • > 

 . II' 

The Du," Pont. Rheostat is a simple little mstrument used for 
testing ' the eiEcie;icy of Blasting Machines in an economical and 

^psitiv^ manner. 

One way to test a No. 2 blasting machine, which has a capacity 
of ten electric blasting caps, would be to connect ten electric blast- 
ing caps in series^ and then to blasting machine and operate the 
machine. If all the^ electric blasting caps fired, the machine would 
be working up; to it;s rated capacity; if the electric blasting caps 
did not fire, the .machine would not be u^ to stand<|rd. .' This method 
of testing is illustrated in Frg. 62. The results obtained would 
be absolutely accurate. The objection would be to the use of so 
many electric blasting caps^ especially if a No. 5 or 6 blasting 
machine wei'e being tested, whet:i one hundred or one hundred and 
fifty electric blasring caps would be required for the test. This 
would cause needless expense. The firing of so many electric blast- 
ing caps in the open would be dangerous. ' 

To obviate this expense, the Daj Pont Rheostat is substituted for 
all but one of the electric blasting caps, as is indicated in Fig. 63, 

 the wires X .ind Y being- connected to the proper posts to give a 
resistance equal to the number of- eleciiric blasting caps desired. 




Mfi£HINe. 



Fig, 62.-Te8tin£ a BUstifig 
Machine wit&oct a Rlieostat 
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Fif. 63.--Te8tinc a Blasting 
Machine with a Rheostat 
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WlYeh ftuch a 'series- cofinecitKm is maide and the- blasdiic maehiiK 
operated, the single electric blasting cap eithec .fires; or* iio«sJibt&ire, 
and indicates whether or not the blasting niachinieiis up^to capacity. 




. , ^ Fig. 64*-:Rbeo»^t 
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The internal construction of the Rliedstat is shown diagrM^tically 
in Fig. 65. It is an arrangement of coils of high resistance wire 
of a certain length, with .thftbinctina. posts 1 and 6 attached to 
its ends, and the binding jjtfsts Z,'3, 4 and 5 attached to it at intei- 
mediate points. The. entire Ipngth of ,t;he resistance wre in the 
Rheostat has a resistance sufficient to represent a test of ofte hun- 
dred 30-foot electric blasting caps, with a fact6r of safety to illow 
for the .leading wire, connecting wire and all connections in the 
blasting circuit. , . ", 
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Fig. 65. — ^Diagram of Constructiba of a ^Rheostat 



It will be noted that the binding posts 1, 2i 3y 4, 5 and 6 hare 
different lengths of resistance wire between them,; eacd representing 
a test of a certain number of electric blasting caps which number is 
stamped upon the hard rubber between the binding posts. If the 
testing wires are attached to adjoining posts it means the same as 
having an equal number of electric blasting caps connectefi in series 
as the number stamped on the rubber, and if they are coi^nected to 
separated posts, the same as the sum of the intervening, numbers. 
Thus should the wires "X" and "Y" (see Fig. 62 and Fig. 63) be 

' attached to binding posts liand 2, it represents a test of five electric 
blasting caps; if to posts 2 knd 3, ten electric blasting caps; to po^ts 
3 and 4, twenty electric blasting caps; to posts 1 and 4, the $um;of 

' the number.s in -between, which are five, ten and twenty, or a total 
of thirty-five electric blasting caps. 

By a study of the numbers, it will be found thatniany com- 
binations of tests ranging' from five to one hund'red ^ectdc blasting 
caps can be easily secured. When it is desirable to make tests, less 
by units of five, than ij^,ihdicated between ariyc^mijinitioH oif J)ost 
(say between 1 and 5), the reduction is made by connecting two posts 
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by means of a coin or thick wire. If d^e wires X and Y, Fig. 63, 
were connected to posts 1 and 5'and' a coin inserted between posts 
^.»nid 5« 4he total of db^: teM l^ould be 60 less 1(V or, 50. 

, - BhiMild it be. necessary 'to test a blasting triachrne, for nJnetjr 
deoMiatcirs^' the resistance- of . ten, hetfween po^tft 2 and 3, mtist be 
blocked out. This is done by connecting these posts fey meahs of" a 
|>iece of heavy icbppei* wife' or a coin. Inthi^'^ay the'^esistlance 
i9etween^3^>two posts can be substracted from the t<etal Tesist>attc^ 
or 'the 'resist knee between any two postS' outside of the' two ihat are 
bioictked out-/ •' :...'..;;". : v - -.■. • 

The rieSistances in the Rheostat are based on 3.2 phmS per unit of 
'i^esistatlbe, this being the resistance of a 24-foot copper wire electrit 
bpstingcap with a factor 6f Safety of 2; so that, if the electric blasting 
t^ps in use ate of shorter lengths, it ii<rill be possible to fire a greater 
number than this, test will indica,te; even, in some cases, up to twice the 
liumb^r: On thtl other hartd, there may be circumstances which will 
cut down the number that can be fired below what the Rheostat test 
will indicate. Chief among these will be leakage of electric current in 
somcr'part of the blasting circuit, either from bare joiiits or wire 
touching damp ground, or other conductors, or from fluids of great 
penetr^tuti^g q^aht^es. comii;i£ in cpn^act.with tbe^ insqli^tion of tJ^ 
wires for too long a time before ^ring. Of these fluids, the worst 
are the strong saline liquids, even though they be in small amounts, 
apd the bore-'hole wkshitigs in certain kitids of rock, if trie electric 
l^histing caps differ greatly in sensitiveness to thie firing current; this 
Wjrt also cut down the number that can be deipended upotl tb fi^rc 
simultaneously: ' ' <. , ' 

. " ' 'When testitig blasting machines having capacities of mi^re thaij 
one hundred detonators, two Rheostats are used in series. 

Be sure to usepnly jcuie electric detonai;or in tj^sting a blasting 
machine with a Rheostat. 

XSM.^ OF. RESISTANCES OF RHEOSTAT IN QH>f S 

The resistances furnished between the different posts of the 
Rheostat are as follows: 

Between 1 and 2 * 16 ohms* - 

Between 2 and 3 32 ohms 

Between 3 and 4 64 ohms 

Betwijen 4 apd 5 *...,.. ^ ,. . - 80 ohm*' 

Between 5 and 6 128 ohms 

'^" ^" Between 1 and 5 . . ; . . . . « . ...... . . . .,. .'.* 4^ ohms * 

Between 1 and 4 112 ohms 

' Between 1 and f •.,.. ..,- •' .192^ phw > .- 

.  j Betwpen 1 and 6^ . , , ,, . -. , . ... f . ,.: 320 ohnis . . .; 

, , .. ..between 2 and 4 -. ^ . .. « ,96.o1mos. 

1 y , . , Between 2 ati(i 5 ^ . # , . .,,..... ..... . , , 1/6 ohms . . ^ 

\ ^- , , Betwe^ 2 and 6. ^ , . . . * , ,,. < . v...... ., ^04 obms 

Between 3 and 5 144 ojims ', . , 

; . .^ejcwei^ 3 and, 6 ....... :.^ .,.'.......,..;....;. 272 ohi^s 

Between 4 and 6 208 ohms 
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BORE HOLES , 

The opemngs dr cavities into which ex^dives aire loaded 'are 
knowfi as "Bore Holes." These may be anything fVom la sh^iUow, 
hand-'dnll hole in a boulder to a deept, weUrdrill hol^; qf a tuiuKl 
many fi^et long. 

The great variety of bore holes needed for, different clBsses- of 
loading demands the use of different typefii of drills or oth<x. devices: 
,Soll Punch. — For shallow holes in clay, soft shale and •hard-' 
pan the soil punch made of l>^-inch round or hexagonal tool. steel 
dra^p atone end to a pencil point (Fig 66) js most, serviceable. 
This should seldom fee longer than 4 feet. It is driven into the 
ground; with sledges, and loosened by pounding on the side.. In 
extreme capes it can be drawn up by means of a chain and lever. It 
is suitable for inaking bore boles for cuts in Hard ground, for pole 
hole blasts, for ditching and for almost, all kinds of agricultural 
blasting. . 




Ff^. M.-^^dil Punch 6t Drill for lifiaking Bore Holes bi 0\a^i Hitapiui and 

Rotten Shale .' 

Soil Au^er.*7^For . making bore and test holes and deepening 
other holes in clay a IH ^^ 2-inch auger having an extension handie 
pf^i^or >^-inch gas pipe in 3-foot sections is useful. /Fig^ 67j 
This is always used by hand. When dry soil does not stick, to the 
twist of the auger and falls back in^o the bore hole, a little water 
poured into the hole will quickly overcome the difficulty. '"' 




at 




Fig. 67. — Soil Auger for Making Test Holes in Soft Ground and iot Deepening 

Holes Started with a SoU Punch 

i 

Goal Auger. — Bituminous coal is usually drilled 'fair blasting 
by means of rough adaption of the ordinary brace and bit. The 
auger itself is usually about six feet long ana has^^ a pectdiar shaped 
cutting ddg6 which can be readily kept sharp by filing. It is iscrewed 
into .the brace, which is worked with both hands wliile being held 
against the miner's body. 

Power drills run by either electricity or compressed air are used 

52 .. , . 
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inhn^deri^al^ fuch-as atfithrbdte. The bit ic simiiaii t4»,tbi hand 
driU-^btt* but is supported on a column or crossbar, and has a power 
ic^d fuadtg tbe control of the drill runner« 
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Fig. 68. — Coal Aticet for Making Bore Holes in Coal and Shale 

ROCK DRILLS 

In addition t» the attention that drills and drilling machinery 
should have from the standpoint of efficiency, care should be taken 
that the wear on the bit is watched so that the gauge does not fall 
below the size corresponding to the diameter of the dynamite cai> 
tridges. A lazy drill- runner will usually allow his drill bits to wear to 
such an extent that' the dynamite will with difficulty go to the bot- 
tom of the bore hole. This is liable to cut down the useful work of 
the explostve^^for ttistancev where the cartridge cannot be placed in 
the bottom of the hole — and is always dangerous. 

Hand DriU. — For a few holes in hard material the ordinary 
drill and sledge (Fig. 6^) sre still used. Where there is much worl a 
power drill will prove more economical. For single-handed work a 
hammer weighing from 3 to 4 pounds is ordinarily used, while in 
double-handed work one man holding -the drill and one striking, a 
7 to 8 pound sledge is more satisfactory. 

1 1 aggjBaO 

__^ r  ',„- 




Fig. 69.--^Hand Drill and Drilling Hammer. 

Chum Drill. — ^A churn drill made of a solid piece of drill 
steel from }i to l}4 inches in diameter or of a drill bit shrunk into 
the end of a gas pipe is effective for putting down deep holes in all 
classes of material; The drill should be long to give it the necessary 
weight and to reach to. the bottoma-of deep fades. ' It is operated by 
hand, being lifted up and dropped back into the hole. The hole 
must be kept partly fitted with water while the drilKhg vis in-pto^ess. 
IThe bic or cutring.ddge of the chum driU is similar to the hsind drilh 
-i  Hammer Drlll.-:**This drill (Fig; 70), which is. usually opecatied 
by compressed- aifi, is most serviceable for driUfng- holei up Jxgi 6 or 
8'fcet in..dcptifa» and -finds 'ready use* in all kinds of* xock "blasting 
from railroad cuts*. sbafts^tttimels anA similar heavy >work,l to blaso* 



ing SeM anJ road- bouldn-i. The driil hnd is conipotarivdy^'lishtand 
taaily carriej. The required ait is furniihed by  ^ditabte cOnr 
pressor (Fts. 75), when a stationary oompreuor ouriit' it not ton- 



Fl|. VOLi->^kidawr IMH ml KOtil Votfc ' 

' Ttipod Drills.— These tind their leadinlt ute in heavitt woA 
tban thattonhich the hunmer drill is lulted. (Ficj'71.) Thi^ drill 
lofi^r holes, from 1 to 3 inches' in diameter, .e»n-4ro«C'tO'tentet 
depths, and even onder natei. Either Mcam oii. do m pf caw J aii 
tan be uvd to fuinish the powen Their chief Uaaiainquatryvnilr 
said and ^MUtl coBstrjction, keavycBM ■DdiMBiliTiKdtk. 



Fii- 71.— Tripod DiUl at WoA 

The nme type of tnachme moiioted. on a co|uinn or crossbar 
am) driven by r compressed tir is used in tunnelin(. Somecimes , 
two michines «ra mOumed on. the same column. 

Column or PcWt I>rilIa.^A slight modification of the pistoti 
4rill permits >*^ being mounted on a column ot post set hoTtzon tally 
or vertically across the breast of a tunnel or a shaft. (Fig- 73.) 
This , permits rapid drilling, and Is mudh used in tuiMielinR and 
sjokjng operations. 

Well DrUla.— These driUa find their cliief use in quarries, 
taiMa^'tuui. nMlconstiMctWn, piu Bkd cum where. Jiigh faces, or 



56 BORE HOLES 

ledftes are to b« b)ait«d down. (Fig. 72.) These machines dri| 
holes from 4 to 12 inches in diameter, 5^ inches in diameter beiua 
the most mmmon, and to almost any requited depth. They can be 
used fot vertical holes only. The large diameter of the holes drilled 
gives the blaster the opportunity of distributing the explosive to the 
best advantage. 

Well drills may be operated by steam, electric, or gasoline power. 



Fl(. 72.— View dI a VsU Drin for Maklu 
Dscp Blul Holes 

Tunnels for Blasts. — Sometimes called Gopher Holes, or 
Coyote Holes. In some instances, it is desirable to tonccmt'ate 
• large charges of low-grade powders under the rockin blastiHg Jown 
a large tonnage of matetisl. This is eSpMially true in quairiea, 
open-wetl( miije^ and heavy side hill cuts, w hero the n^tture of .the 
rock it such that it it impossible to shape perpendicular faces and 
the face always assumes a decided slope; or where the stratiRcarion 
of the rock makes well drilling difficult and expensive; or where 
small but deep drill holes cannot be sprung. This method of load- 
ing, which permits the use of large volumes of ilow-acting, lon^ 



strength explosives <Tvcrcomes these troubles, and,' in natnr UbA 
n ideal method of loading fu breaking 'Aawn-krgt. fi 
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Fig. 73.— A Coltmm or Post Drill for Work in a Tuottsl Heading in Hard Rock 

ments, such as jetty stone. It is used much more extensively in 
the west than m the east. The tunnels are usually horizontal, 
about 3 by 4 feet in section, and are driven in much the sam^ inanner 
as standard tiihnels, except that the (fepth of drill holes and the num- 
ber of holes in a "round" are less. For method of driving tunnels, 
seeplaige IOSj .:••:.• :'" . ,•''*' '•'•••'' 

' 'Short, 'flat' holes of large "diameter approximating gopher holes in 
softer material are often made by the use of a long chisel-pointed 
b^r and a long htindled spoon or hoe. 
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mg. ii.—k wooden tamping stick is needod lor Resting the dept)^ and 4ir«^ 
tlUl'M bore lM>les,''to tf^^ the charges ol eiplosiyes into 'place, and to tamp 
the stemming material over the chacge* If* metal p«tti ate petmisslUe • 



SS TAMPINffl BD8E HOLES 

Tamping Stick. — For loading and tamping only a- wooden 
tamping stick (Fig. 74} should be used. For itij^ow work, an old 
broom or shovel handle is ideal. For deep holes when a long sticL 
is needed, a straight sapling can be used to good advantage. 

For tamping horizontal holes, especially in the face of a quarry, 
several feef. above the floor, a heavy tamping stick, such as oak or 
hickory, Would be very diffioiU to manipulate, and for this purpose 
a lighter wood, such as white pine or bamboo, is very desirable. 
Bamboo fishing poles arc li^ht, straight, and strong, and in some 
conditions make ideal tamptng sticks. It is distinctly dangerous 
for a powerful man to ram ,a charge of high explosives In a bore 
hole, especially if it has been ipiung, with a heavy lamping stick, 
even if it is made of wood. i 



Fig. 7S.-^PortaUs Compressor Supplfiag Ail to Hummer Prill 

Tamping Blocks for Well Drill Holes.— In deep hdes » 
very long, heavy, cumbersome (amping stick woujd. bencMSiary, 
so the tamping block is used in holes that are vertical or. nearly so. 
This consists of a round piece of wood of a siie to slide ea^lj down, 
the hole and usually from three to six feet in length, with a small 
rope attached in the center of one end to permit it to hang vertically. 
The block should be of hardwood to resist wear, tnjist'not have 
any metal parts, and should not be too heavy. (See Fig. 76.) It is 
opsrated by raising a foot or two and letting drop upon the stem- 
ming material as the tamping progresses, being withdrawn wf^ 
ftesh ipaterial it dropped into the hole. 
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Pig. 76.— A tamping blox:k for deep holes. The hc^lo for the>ope !b bbrra 
dltt^efully from center of the «]id and the rope knot codntersmdclBtoitfav ^Mjk 
Wot OM under watec, a holei ift bosedtaa shown byjth^ dotted- line a^d almost 
filled with babbitt or lead, then a wooden plug is driven in to dose the. hole. 
This makes the block sink in water 

Pumps ttM Spoons fdr Bore Hol9S;-^Iq iMHing- <4^wn- 
wardly inclined holes, water is used to lubricate the hole and to inake 
a mad with the spoil' made by the drill bit: To facilitate drilling, 
thi^ mud must be removed from time to time! In deep^ vertical 
holes a pump, sometimes caHed a sand bucket, {s used, while in 
slanting shaHoi?7er holes a spoon is used. 




fSg» 77.-rA pninp for cemoTingmtid from deep well drill hpHti. it'is) 
of iivn^ipe >with a vahge in 4ha bonom and a l^ail for at^ioh|ni(^roi)^ a<;^tojp 
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Fig. 78.— One type of sjpoon, or scraper, for shallow bore holes 
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Fig, 79.— Another tjrpe of spbon, whibh Is a mMiiication cfTtkie pntoip in 
itfMllow- bore holes *  • .r,.. 

' - •  . 

• SPRINGING BORE HOLfiS. 

- Bore holej are • frequently "sprung", or chambered JwitK dyna; 
anite, especial^" if. th^y are to be charged, with blasting powder or 
otber bulky explosives. This make^ jif possible to keep.the chargi 
weU down in the bottom of the bore hole;, where it is generally, mod: 
seeded; and aJlso to pUce the r^uired quia^tity .of explosive^ in the 
bote hole.' •■ . .;:•. ., ,, ., r-i •.•:•-, • . .; i ,•! . .,. 

•'' A bofe hdle is *• sprung" or .chambered by exploding ^tamped 
in the bottom: sdvbral charts . of 'dyntimite» one after tbe otnec. 
The first charge usually consists of one or two cartridfldSi^ dbjs being 
tncf cased in s\ibseauentcl>arg|^^,ujQtil, the. chamber is sufficiently 
large to hold the requisite, quantity . of explosives. .Jin a bore 
hole smaller thai^ .2^ inishes in diameter, not more thaii'six or eight 
\% in. X 8 in. cartridges of dynamite|shQul4,be exploded at one time^ 



((0 springing: BC«E HOLES 

because heavier charges may caute tb« bore hok to cave aad close 
up. Sfight caving often occurs with light charts, but the bore h'ole 
can usually be opened with the drill or other steel bar. The explosion 
pf each chamberinB chaiige increases the bore hole slightly in d^pch 
Mi4 in dianmer it the boct(»n. After a Uttle experience the approxt- 
iQatealEe of the cavity can be estimated by noting the increase lA 



—Precaw at Sfiia^ot  Boh Hole. "A" iliowi  lin^s uirliMige 
L bo used) bk poBinofl For th« firat aprln^ns ihot jn e oore hoLo of 
iHar. "B" ■howi ths rsBult of the flisC shot. "C" ibom. the 



It is usually well to use a little dry sand for tamping the spring 
shots, as the explosion cleans out the sand and saves scarring the 
lidevef the bore hales. 

"IllB nrnmbtr of cbatnbeiing shots necessary depends on the hard- 
ness of the rock and the size of the blasting powder charge. In solid 
Tack'itkp Aaaihec or cavity is the re^li of the dynamite explosions 
grinding otF and forcing out through the bore hole small spalls and 
fine particles of the rack, and is not the result of compressing the 
surrounding rock; ilMl.' • Thivefi)re, ■» qiudf-acTing dynamite gen- 
erally gives fhe best results in springing, because its effect is partly 
expended in shooting out of the bore hole the material which if first 
pulverizes. The powerful and qufck-acting dynamites are not at 
fikely w cave and close the bore hole as are the -stower-icting ones. 
Red Cross Straight 40 per cent.' to Du Pont Straight 60 per cent, 
strength will usually be found most effective for this 'work. The 
quantity of this dynamite required for chambering cavitie* of any 
given iiM may be estimated by allowing from thtee to six IK in. 
i 6 i<i. Cartridges (1>^ to 3 lbs.) foreach twenty-fiva pwuids -of blast- 
ii)g powder the chamber is to hold. 

In soft, clayey or similar groDAd the action of the •prtndns 
charge is to pack the disturbed material info the inlli and diul 
enlarge the chamber. For such ground the tame explosivet, but 
(maUer charges, ate letohiihended; 
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It is gbadutely necessary, in order to avoid accident, :ihat ample 
timG be pvta the bore hole to cciol ofT after springing, before charg- 
ing it with blasting powder or any other explosive. Many serious 
injuries have been caused by lack of attention to this rule. Just 
how much time should be allowed i« governed by the quantity and 
the kind of dynamite used for springing, the number and frequency 
of the springing charges, and the character and condition of the rock, 
but under no circumstances should an attempt be made to load a 
bore hole sooner than a c*uple of hours after the explosion of the 
loat sprinnDg charge, and it is better co.Sftit four or five ho un 
unless the hole fills with water. The posdtiility of a springing charge 
heating the rock enough to explode thedetonator in a subs^uent 
springing charge must also be taken into account, and the blaster 
snould always stand as far back from the mouth of the bore hole 
as possible, when dropping into it any of the st>ringing charges after 
(he first one, 

LOADING 



l,oadln2 a Small Bore Hole With Car^dges of High or 
Low ExplcMlves.— First try the bole with the tain|»ng stick' to, see 
thit it is open and sufficiently deep and large. The required number 
of cartridges ibould be slipped in, one at a titne and pressed into 
place with the tamping stick. The. primer should be placed jn last 
or next to last. Care should be taken to avoid leaving air or empty 
tpK«« arouifd the chargci 



Vic. SI,— "A** ihows  ilnila lor  lulf) cutrldn dku-la liilded Into  bora 
turi*. *B»aboina*v«Mciuttidi« loadH (otoRtMleiAtlioulilitllBC tapM 
■n*patiBardatlaVnMettta«nlapintnamiDiita»Xihahal«i«wat. Tha 
jabqar ahould ba at or aeit to iha top and tba cap jibould saiat toward tb« 
main put of tba chaiie. " C " ahowi how, whsa Oia holes ara drr, lit ctr- 
tildn* an alH from end to end andpraased 4DVB to ail tbe eadia dtametK of 
thahalBaBdlHlTatwqkiqac**. . 1lM'priBaialiosM.DWbeilft i." 



nc.'IZ.--Tbe(amiAluUn4edi- Flg^ 83^-nu mt of fli> tamW' 

■MjroxitbacluraeBboaiiba - , ip. »liinjW bo ti(W «nd Brat ta 

liiht in oidci to ■void Jankil o™' ■<> conflu V" Swea M 

Se^caa r . •— . . . g„,^ „ posslbia 

 It is aiViitcelleni practice m begin rtie tamping with a ^atl wad 
of dry paper, leaVes or rags: (Fig. 84.) The rest of the taiHping 
should be packed in as firmly as possible using the wooded tain ping 
stick in one hand and taking care to avoid losing the end of the fuse 
or electric blasting cap wires iii ttiftholt. (Fig. 83.) When tamping 
a hole cofitaining fuse, the fuse should always be kept straight, for 
if' a sharp kiA or beiid is Tormed, then is'daneer of a hu« fiite or 






Fl(. 84.— TbeoM of « i>lD(i>f vaper, l«iTeBoi:j*I*tiahR«ithe.aipkiaJT* 
clurge uid the tunpLng ssrraB aa a aafaly intjicator of whna 10 itop In 



Loading Sttiall Holes Wtth BlasUng Powder or Low 
Powder R. R, P.— In loading small holes with either of these 
explosives, the desired amount is pouretl in from the keg or bag 
and'' packed down with, the tatnpbg stick. See page 63, When 
Blasting Powder i: used a fuse or Electric Squib is inserted into 
the top. of "th^ charge' and' die hole tamped. If a nifner's 
stfuih is used, tbe needle is inserted before tiUBpjng is begun and 
withdrawn as soon as the hole is completely, tamped. (Fig. 7). 
For' R. R. P.> a -Blasting Cap or Electric Blasting Cap printer is 
used for very small charges, but for large charges the use of a 40% 
dynt mite, primer is a4 vised. Both oftheSe explosives require careful 
tamping as the slowly, developtd gases-may compress the bot- 
tom ofthe camping- or blow it out entirely, TTiese explosives are 
quickly effected by moisture, and should not be used in moist holes. 



thq h^re holes point up rather than down, it, is a difficult 
natter to. get the, explosives into the bo"oms ofthe holes without 
the useof tamping bags. (£ee -description on page 27.) ThegntmlM' 
tiplosiv* is loaded into these and ptessed-to (he desired place in tht 
tore hole. The detonaioi, or electric squih, is, placed in one of th; 
lags with the 'esplotivet- To -.fadilitata. tamping, .tbe.-'nemmiag 
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-inatBii^.ii alio put* in taitapine bigs and |»ieiied into jAaee. Tht ute 
-«f :»inpioK ba^ permit! the use of blasting powdet at holes that 
arc jl^htlj mout if filing is done im mediately. 

When the chareing is completed, all powder spilled around the 
moiitli bf the bore hole shoitld be carefjily hrushed into it. 

Bore holes should never be chareed with blasting poWder nbeti 
steam shovelt, locomotives ot any other source of sparks Or hot coals 
is operating in the viciniiy, without complete protection in the way 
of screens and covers to protect the powder. Sparks and hot cifiijers 
'  isiderable distances from the smoke stacks of tliesi ' ' 



other boilets, and numerous fatal accidents Itave been due to theni. 
It is much safer iiot to charge the bore holes at all 'during the 'time 
the Eteam shoveb and Jocoraoti'es ate operating in the vianity. 



' VaiOatX Met B*l* Ohwabn^ Vaitidal Suet HU*. Chwabned 

. . (Bd Sk»«ln( Powiai Flllsd to Top with PswdM 8iK«d Out as4> . 

of ClumlMr did Mot Sproid Oat, Packod In the Chunbiii, PtovoiIt. 

Iwnini m Ah Pocket nUinc Chui^t lad LsiTinf no 

Ait Poskat 

Loadlntf SpruoA HfAea. — Sprung hales are bbded in cutcily 
-the tame mannet at has been described for Moall holes. A 
careful exatniaarion of the hole befoce loading should be made 
to Im sure that it ii epeo, and rooM c«peciaily. to see that it his 
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Moled off from the beat of the spririitjng shot. ■FatluFdiioirtkakc'thit 
litt observation ' may be the cause of wrietii -accident*, due loptie- 
e explosions, caused by die hot ground or reck ignitimg the 



■xUatai 



lorizontal sprung holes are iituall)r loaded by qieant of .4 long, 
or bamhoo pole, similar tQ a camping sciclc, except chat 
s i slim, sharf point. Each cartridge of dynamite is 
!> onto this point, inserted carefully to the bottom or 
hole, and shaken off* there. Another m'etfiod Is to have 
jr brass tube extending to the back of the hole through 
irtridge can he inserted. 

1 W«ll DrlU Holes.— Well-drill holes ut seldgai 

r reiiiiire the most carefiil loading to ensure, the best 

iC hole should first be examined with the camping block 

(Fig. 76) CO see that it is in good condition. Sometimes a ray of 

light can be thrown into the hole by means of a mirror or a Bash 



Wen DfU Hole. Mote Ou 
Tampius Block 



1 



All water should be bailed out that is poMtMe* bn it. is never 
practicable !n deep hples to 'get the last few quatts outj-and usifmlly 
if the hole taps wet ground it, hlU up so rapidly that bailins doet 
not accomplish much. -Where water is tunning into the hole, only a 
Gelatin or a watei^iesisting dynamite in cartridges of as large a size 
at will go easily to the bottom and not stitk ihouM be Mtd.' - 

The method of loading will depend on the diamecar of the car- 
tridges of -explosive used, the depth of the hole* ind the method of 
' '1, whether in)>deau oi Elecnic Blasting Capa. 
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Wben Cordeau is used, a strand is suspended for the full^depth 
of the hole; when Electric Blasting Caps are used, a primerphould 
be. placed about every 15 to 25 feet in the charge. 




Fie. 80. — Loadiiig Tongs for Lowtttisg CartridgM'of Large Diameter to the 

Bottom of Deep Well Drill Holes 

When loading deep holes with cartridges of large diameter, the 
cartridge so nearly fills the bore hole that in dropping an air cushion 
is formed under it, which prevents it striking with any degree of 
force. If the cartridge does not fit the bore hole so as to form an 
air cushion, either loading tongs or a wooden skewer on the end of a 
string may be used for loading the first few cartridges. The skewer 
is stuck into the cartridge just deeply enough so that It will hold 
when suspended. It is then lowered in the hole and a <)uick jerk of 
the string releases the cartridge. 

For shallow holes the use of the tongs is ttot necessary. If the 
explosive settles well in the hole, it is not necessary to use the tamp- 
ing block for settling it, but if it does not, the block should be used 
quite frequently. Care should be ^exercised to avoid injuring the 
cordeau or Electric Blasting Cap wires with the block. Many expert 
loaders refuse to use a block in a hole containing cordeau, either 
vehen loading the charge or when tamping the hole. 

When loading with cartridges of small diameter, they should be 
slit and dropped in a few at a rime. Unless cordeau is used they 
should be slightly packed with the block. . 

Well drill holes must be thoroughly tamped. Some prefer not 
less than 20 feet of tamping, insisting that this be tightly packed 
by means of the tamping block, while others prefer to simply shovel 
in the earth, especially if cordeau is used. In deep holes^ the tamp- 
ing block rope is frequently run over a pulley at the top of a wooden! 
tripod and operated by two men on the rope. 

Loading "Tunnel," "Gopher" or "Coyote" Hole Shotsw 

— For this loading the hole is large enough to enable the blaster to 
carry in the explosives by hand. The chambers or recesses into whick 
the explosives are loaded (Fig. 154, page 116) should be large enough 
to easily accommodate the charge, but should not be larger, as air 
pockets are likely to be formed. These chambers should never face 
the tunnel entrance, but should be offset so that the gases would 
have to force the tamping around a corner, to escape into the open. 

No matter, what explosive is used, it should be stacked snugly 
into the recesses. It is not tiecessary to pour blasting ipowder oat 
of the kegs or to open cases of other explosives', as the primers- arb 
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sufficiently strong to disrupt the cases or kegs; This' loading in l>ulk 
is more convenient and much safer than opening parckages. * The 
dynamite primers used for blasting powder should be 1% or more 
of the weight of blasting powder, and from 1 to 10% of the weight 
of Du Pont R. R. P. It is not necessary to use special primers ^th 
other explosives, as they are sufficiently sensitive t<3r dfettwaie com- 
pletely. However, a 40% dynamite primer is fre^tsuitjy beneficial 
in charges of Arctic explosives. For high explosives two or three 
extra cartridges are tied to the primer and the entire bundle placed 
back in the case from which they were taken, the cover tacked on 
and the "Primer Case" placed near the center of the large charge. 
The same method of making large primers is used . £cxrj,^etoiiating 
large charges of blasting powder or R. R. P. -Du Pont Straight is 
recommended for priming when blasting powder is used. The use of 
electric flash lights while loading' is i-ecommended. ' ' ' 

Great care is necessary in loading these large qiiahtities of explb- 
sives, especially if they are removed from the original cases. Open 
lights and possibilities of sparks must be reduced to a minimum. 

Detonation must be by means of Electric Blasting Caps or Cor> 
deau, either of which must be carefully protected from injury from 
the loaders or. blasters when loading and tamping- This is usually 
done by nailing strips to a heavy bpard^^hus fornung a trough 
through which the wires can be conducted. This is cpvere^ with a 
second board for safety, and is laid on the floor. ,Suspending lead- 
ing wires on the roof is not so ^ood a practice. ,,,,,. \, 

Tig. 87.— Section of Conduit for Protectuig Lead- 
ing wired or CcHrdeaB for Tuanel or Gopher Hol« 
Blasts. "A" A hwury board for bottom. *'B» Piece 
of 1 inch z 4 inch board. " C " A heavy board lor 
top. "D" Leading wire or Co'rd^att protected 
from injury. Such a. condutt'is placed ton. the floor 
of the tunnel 

All detonators should be tested with a galvafiom^etei- before 
being made into primers. AH of the connecting and leading Wires 
should be tested before tamping is begun, and iat fredUent intervals 
during the' tamping. Not less than two detonators should be iised 
in each charge, so that if one set of wiring becoities damaged, the 
shot can be fired by the other. i a 

Each unit of explosives in the tunnel should have two electric 
blasting caps, and the leading wires from eakzh^unit brduglkt out to 
the mouth of the tunnel. It is bad practice to have the connections 
inside of the tamping. 

The tamping must be very secure. Ordinarily the muck 'taken 
out of the tunnel is used for tamping. Thik mu^t be piled securely 
against the face of the charge. Some blasters prefer bags- of sandier 
loam. These can be used to the best advantage; 'Bulkheads of 
heavy timbers notched into the side 'walls and the tiafmping packedf 
behind them, or brick or lean concrete bulkheads, are' sometimes 
used. Ordinarily it is'sufltcient to pile the mudk closely and cany 
the tamping on out to the very mooth of the tunnel. j 




'' FIe. ^ — DUtiun ol.Wbiai ttv Tmiiul Blirt 

TAMPING 

' 'Cfrdinarily the word "tamping" is used to cover both the act of 
closing a bore bole and the earthy material used. A better use is to 
.designate the, act or work ae "Tamping" and the material as 
" Stemming." 

Stemnline, except for gopher holes and tunnels should be free 
from stone and grit. For large hijles where the weight of the Stem- 
Jning 8^^* the confinement, dry free ruantngiaqd is good. For 
other ^otk ' moist, easily packed sand, clay or loam is best. Dry 
licht material si(di »i the "Bug Dust" from drills, augers or cutting 
machines should never be used. 

Goad tamping is one of the pri^ie essentials of sucQessful blasting. 

Water Tamping.— When a large amount of wantr cdvwS a 
charge of high explosives in a "down" bole, further tamping \i some- 
times omittMl, Bt the water makes fair tamping. When the enploMre 
«ied has good water resisting power and an adequate supply of water 
is convenient, it can be uMd instead of earthen tamping, even though 
it is not as effective. 

FIRING 

By "Firing" is meant the setting off or exploding of Uastit. 
This should never be done until the blaster is sure that all charges 
are properly loaded and tamped and that all persons or animals are 
at a safe distance. What constitutes a safe distance must begoverned 
by the individual blast. It is usually safe within a few shards of t 
subsoil shot, as there is practically no danger of soil or stone beinc 
thrown into the air; but boulder, stump, ditch, quarry and many 
other blasts throw fragments of earth, wood and stone a considerabfc 
distance and several hundred feet ^way from the blast may still bi 
in the danger zone. ' ' . 

. If the blastercannot get under safe cover he should always Seethe 
blast with his back to the sun, as this grves him the best i:hamK to 
natch and avoid any flying matter. 
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The firing of a blast should always be preceded by a careful look 
toTsee that everything is safe, by establishing a patrol of thv roads, 
to|prevent anyone from approaching the neighborhood of the blast, 
and by a shout to warn all present that the blast is about to go. 

When the fuse is to be lighted it should be done in a quick but 
orderly manner. This can be hastened by splitting the ends of the 
fuse to expose the powder train. The blaster should immediately 
retire to a safe distance. 

When Electric Blasting Caps and electric firing are used the 
same care must be taken with regard to safety before the wires are 
connected to the blasting machine or electric switch. When the 
blaster is assured that everything is all right, the connections are 
made and the blast fired. 

In case of a failure of the blast to go when using Electric Blas^ 
ing Caps the blaster is safe in disconnecting his wires and returning 
immediately to look for the trouble. 

When using fuse.aAd ^lasting Caps it is not safe to return to 
look for the cause of a failure until a considerable time has elapsed 
— preferably several hours. ^ . ^ 

This matter of waiting is an additional argument fpr the u^e of 
Electric Blasting Caps instead of Blasting Caps for almost alT classes 
pf blasts^ , , . . ^ . 

After a blast is fired the blaster should wait a sufficient length of 
time to allpw the falling matter jto drop, and for the smoke^ fumes 
^nd dust to be partially dissipated pr blown away. . 

* - 

Handling a Mtefite.^The use of high grade explosiVei and 
detonators and careful loading will reduce the dangers of shots faii- 
rng to fire. When a misfire does bccur the blaster should' be -^t- 
erned by conditions. 

When electric blasting caps are used and one or all of the Holes 
faiUy di$c<HHiect the wijres from the blasting n^acbitvea thea.k is. safe 
to go back immediately to investigate the trouble. The investiga- 
tion should first consist of a seiarch for broken wires» {aidty qonnec- 
tioos or short circuits. If suck are found» nvake the proper repair^ 
dfeconnect the leading . wires and operate the bla^tii^g, mac(^ine. 
Many so-called failures are the result of poor pqnn^tiQns pc con- 
nections being in contact with' wet aground, or other conductive ma- 
tei:iaJ- . , . ^ ^ 

^., When cap^ and fuse are used greater care must b^ exercised. It 
IS never safe to go back immediately to a delayed shot that is prirtied 
with a cap and fuse. The fuse may have been injured in tamping, 
and instead of burning rapidly may smoulder for a long time, then 
jre-ignite the powder in the lower end of the fuse and fire the blast. 
The interval of waiting should be as long as possibU^ preferably 
^ntil the next day if the firing is done in the afternoon. In all cases 
it should be several hours. When lighting fuse be sure that the 
powder column is on fire, as time may be wasted in waiting for a 
blast Wihose fi^se is jnot pvjen liglited, 

.,. If the missed hole is. uijitamped or is tamped with watjpr^ oiake 
up another primer, place it on top of the, charge and fire. If the 
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Sound is aoCt and w«t, put down another: charge far enough away 
r< drilling in safety, but close enough to cause detonati6n by co^ 
Suasion. 

There .are laws:in .several states forbidding the removing of tamp- 
tng^ or the charge from a missed hole. [ '" 

M .When it is not-spccifidaUy forbidden, blasters sometimes < remove 
the temping by. means of a spoon, which is not entirely a- safe .prof 
ceeding^ put in another primer and fire.. Other blasters wash out 
tW taimping by means of a powerful water jet, which is not as danr 
gerous as digging it out with an ifon spooD,* but which,- of. coucae 
niin^ the explosive, unless it. is water-re^sting*. ThisJ^ danearous 
ip the hands of a reckless operator, as the iron pipe is liable to strike 
i,e explosive. charge. Another practice is to blow the tan^ping.put 
^ iheans o{ compressed air brought in at the efid pf an iron pipe^ 
.his has possibilities of danger similar to, the water-method, but it 
has not the .disadyantagie ©/wasting the explosiye. . ... ,. 

With well drill holes or with holes which have been sprung, it is 
not practicable nor safe to drill another hole alongside of them to 
blast out the charge. It is better, when a second hole is dHlied,' to 
put it so that the two holes lie in a plane parallel to the face and not 
behind the missed hole, as many accidents have occurred from strik- 
ing unexploded dynamite in the debris from a blast. 

While there is no perfectly safe method for handling a charge 
which has missed fire, it is usually entirely possible^ to prevent a 
misfire by the use of the highest grade blasting supplies, by testing 
each electric blasting cap with a galvanometer before loading, before 
tamping and after tamping, and by using two or more electric blast- 
jtag caps in each charge. While the. latter may seem, expensive, it Js 
Very much cheaper than a misfire, as the cost of a misfire may run 
into thousands of dollars, . 

!';• When, for any reason, misfires may be expected, a gddd.practic6 
is to use .a wad of paper or dry leaves immediately pv^i' this cl^ar^ 
of explosive and pack the tamping on top of this. (Fig. 84.) If it 
jbecomes necessary to ipemove the tamping, this dry. material makes 
^h exceij^t index of just how far down it is safe.to, repjpve the 
ijfimping. I . .' 

All misfires snould be placed under the direction, of a careful and 
experienced workman, who should make his examination in a slow, 
XP^thodlcal manner before beginning the work of repriming. . .,^ 

The adoption of electric Uastiiig will result in a decrease in rp-h- 
£ures, and ^ revenjt hangfires, and is to be, recommended on all work. 

ROAD AND RAILROAD BUILDING 

...Explosives -are used in road and railroad building and- road re- 
|iait$:for:, 

Renloving stumps and' boulders. 

Opening ditches, 

Opening verti&il drains, ...,,! 

Loosening hard ground, in grading^ ; - , . .v 

i .Blasting rock in grading, . - . 

^ i < Blasting for surfacing and ballasting imatjeriai .^ i •. > » 
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Stump and boulder blairing on the road are exactly' die same n 
for oriiet UBscing of thit nature. (See pages 85 to 88 for method) 
of boulder blasting and pages 82 to 85 foe methods of stump blasting.) 

For these purposes explosives prove a saving in time, effort and 
cost. High labor costs make hand methods of stumping and clearing 
prohibitive. The use of eipbiives in combination with the diligent 
tight Itump pullers or with tractors works to advantage m road 
dcaring. Frequently boulders can be blasted out of the road by 
■wen located "snate-hole" blasts without using such hea»y cbar^u 
as would be te^tuired to break them up, 

 Kastlag "Throwfth" Cuts.— Hard ground whether clay or 
rocit is loosened in through cuts by blasts loaded in either flat or 
vertical holes. The selection of the direction of the holes will depend 
on the nature of the ground. For ground having flat or horizontal 
ieams the vertical bote (Fig. 90) is usually preferred; while flat 
holes (Fig, 89) are usually best when the seams are vertical Or the 
ground hardest at the top. 



Location of « Pbl m Fli. M.-^^caUoB Of  Deep, Vartl- 

' Boie Hole In a Road cal Bare Hols in  Road Cat. Thco 

( Bulli7 BiploilTe la fi. K. P. or BLutiat Pow|ler la Utsd, 

t Is Sprunc the Hole la UiuBllj Spnutf 

When vertical holes (Fig. 92) are used the best practice is to 
drill a line of holes all the way across the cut. These should be drilled 
somewhat below the grade, usually about one foot, to insure chat no 
high spots are left between and in front of the bore bales. 

These holes can usually be spaced apart a distance from K to J 
of their depth for holes less than 6 feet deep. Deeper holes are 
usually spaced from K to ^ of their depth apart. 

The burden ot distance back from the face (Fig. 91) muM be 
governed by the resistance of the ground to breaking.. This distance 
can usually be sligbtly greater than the spacing between the hdei. 
 For this blasting electric firing is to be tnost strongly recom- 
mended, as a given amount of explosives in such a load will iq 
more work when all holes are fired together rather tbansinaly. 

The spacing between holes is about the same for flat as for verti- 
cal boles, but as a rule, the holes can be drilled deepei'; or in other 
words, a heavier burden can be handled. ' 

Either the soil punch (Fig. 66) or the churr drill will make a 
good tool for putting down the holes in day or hatdpan. For 
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.—PhuiDlAppcollliute Loading f« Cut Work. For Wlloi* Coti tha 
'" iJljraUEhtlj gmtei thuthe deptii ol Ou cat and tli< ■pacini 



bnrdan ^^A" ii uaiuilv aU^tlj Ereatei thui the deptil 
ha" wJUbOrit—rta dMHT cuu, tmclaOj In lo 
atoiiaflim dvpth u>d tfia boiden about eqna] to 



e Bpadog Is tuDaUy 



Pit. 02. — Elevition of Appioiinuts Loadinc for Cut Woik. To fits ths 
j/toftt crown and nilHc)«nt depth lot tlw (Ms ditcbM, me holei awaj aom the 
center aie drilled deeper 

^mallfamounis of harder driUing the use of hand drills [Fig. 69) 
is satisfactory;' but If chete is much hard drilling to do either a ham- 
mef diill (Fig. 70) or a tripod drill (Fig. 7\) will prove an econpmy. 
?The tripod drill inakes a larger and more easily loaded hole, but the 
'hatntner drill is easier to handle and lighter to move. A hammer 
'drill i>utfit, with a light portable compressor is a valuable addition 
to road building equipment when much hard material is encountered 
in either construction or repair work. 

. The , explosive used should be in keeping with the ground en- 
countered. The following general recommendations will usually 
apply: 

.1 Far. iJeci— Red Cross Extra 40% Dynamite in hoiea not 
sprang;' either Du' Prait R. R. P. or blasting powder in sprung holes. 
For Shalt or Slaie~Red Cross Farm Powder, Quarry Pow- 
Her, ot Red Cross Extra 30 -to 40% dynamite in unsprung holes; 
and either Red Cross Farm Powder, Du Pont R. R. P. or Blasting 
Powder in sprung holes which usually carry a heavier burden (Fig. 80) 
thin those not sprung. The last part of the recommendation applies 
especially to heavy or de^ cuts. 
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for Oay and Hardpan. — Red Cross Farm Powder is ordi- 
narily most satisfactory, though Dii Pont R. R. P. or Blasting Powder 

in sprung holes gives good results in deep cuts. 

The amount of explosive to use in each bore hole :s a matter 
that must be determined by test. The following recommendationi 
may be of use to the beginner in deciding on loading: 

In cla^ load unsprung holes about half full of Red Cross Farm 
Powder. In sprung holes use about the same amount. 

In shale, load slightly heavier, using the same explosive. 

In rock, load unsprung holes slightly over haJf full of Red Cross 
Extra 40% dynamite. . , , 

If R. R, P. or Blastmg Powdens used the amount must beincreased. 
The only real information is obtained by a trial shot ^ich, if there 
is no danger to property from flying matter, should be loaded some- 
what heavier than seems to .be required. The loading is reduced to 
the desired amount for the other shots. 



Kg. 9i, — Approilnuitg Molhod of Loidinc (oi Sids Hill Cat *nd Fill. lo 
Mrlh or cUy tb« ^de of ths cnt ■hould be sloplag to noreDt caiint. AdoQmi 
■hurt bole in Uu tap of the bank will aid b nukini tliii sIopB 

Side Hill Cuts.—There are two methods of making theae 
cuts. In one method (Fig. 95) all of the ground is excavated and 
the roadbed i; on solid ground. In the other (Fig, 93), the cut is 
not made so wide, but the spoil is used in fllling up the lower side to 
get the desired width. 

In either case the cut can be worked from the side or the end. 
Working the full width of cut from the end is better especially if the 
spoil or muck is to be used elsewhere for a fill. This keeps a better 
cart way open. 

In working from the end, the general rules laid down for through 
cuts apply, and the same explosives and loading are recommended. 

In working from the side, slight variations are made depending 

Sn whether the excavated ground is used again for (ill, or is wasted 
own the hill. If it is to be used for filling, the loading should be 
barely heavy enough to -break the ground in good condition for 
handling. When it is to be wasted down the hill, heavy loading wdl 
blow it away so that little rehandling is required. (Fig. 95). 
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Hlfth Sides. — In highways the removal of high sides, ridges 
and "thank you marms" of compacted clay or of cock ig accom- 
plished by drilling ihalionr holes (Fig. 94) and loading with Red 
Cioss Farm Powder. Such blasts so loosen the ground 0[ rock that 
it can be moved by means of scrapers and little oi no hand labor 
is required. ,, 



Fl(. 9S. — AppioiinMtc Mslhod of Loadinf lot S 
ntHl nuteilal !■ to b> wasted or hauled elMwbeis. 
cut sboDld bs left slopiiii butud of tsRicbI. Id j/m 

Miscellaneous Road Buildlng.—Digging outfall or discharge 
ditches for either roads or railroads is accomplished by blasting m 
exactly the same manner as is described for general ditching on 

Eages 96 to 100. Side ditches are blasted in the same way; or HKbt 
lasts are used to iQosen the ground for road machines or hand dig- 
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ging. The blasting of trees, stumps and boulders from boih side and 
outfall dilrhes Is most' effective. For the general drainage of tbt 
right of way much good can be done by blasting for stream connec- 
tion. (Seepages 100 and 101.) Vertical drainage is frequently effective 
(see pages 101 and 102) for draining land-locked basins through which 
roads must pass. 

For widening and straightening cuts the loading and explosives 
used are the same as foi side hill cuts. 

; Blasting down gravel and other road surfacing reduces the amount 
of labor required for loading. (See methods on pages 112 to 114, 
similar to quarrying.) 

Blasting for speeding up steam shovel excavation is effective. 
The bore holes are spaced about as for other cut blasting but, unless 
rock is encountered, are loaded much lighter, the object being to 
simply blast enough to loosen the material making the dig^ng easy. 

DIGGING POST AND POLE HOLES 

Dynamite is useful in digging both shallow and deep holes for 
fence posts and for telephone and other classes of poles. 
.__ First remove the soft surface ti ■■•■■■ 
or down to the hard ground, and ti 
hole. This will prove helpful even 
of soft ground. The hole is then i 
for loading. 

Shallow Holes. — For shallow holes drill or punch a bore hole 
in the center of the shallow hole hy a suitable method (page 52) 
to about the depth of the desired hole and load it with a small 
charge of Red Cross Farm Powder, primed with Blasting Cap and 
Fuse. A test shot will show whether or not the holes sho»td be 
tamped or not. Such a blast will so loosen the hard ground or shale 
as to make shoveling easy. (Fig. 96.) 
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1 a)b^'^oM.^-^Fi«ir!(i'eep' Boles the bore hole should be seteral 

I jnches. peeper than the desired pole hole. The charge is prepared 
I T)y' cutting the dynamite cartridges into pieces from IJ^ to 4 inches 
t long and tying them to a latK as is shown in Fig. 97, the extreme 
i- end piece being primed. The entire charge is lowered into the bole 

(Fig. 98), so that the primer is some 18" to 20" below the surface, 
r aad. fired, The ?.ffect of the blast is to spring the soil back and form 

,^e hole. . As the blast has effected the soil to its full depth the hole 
I |§ deeper th(an heeded. . 
^ T 't '^ f¥i itl : 

! vi*. 97.-^Tlie ^e of Each Caxttidge and Distance Apaiit on the Stick are 
I » qhaiised. to Suit the Condition of the Ground 

This allows a space for the trimmings 
chiseled off" the sides to fall^ thereby reduc- 
ing the amount of spooning required to 
complete the hole. The explosive recom- 
mended is Du Pont Straight 40% or stronger 
in warqi, weather, and Red Cross £^tra of 
the same strength in cold weather. The 
lower strengths of Red Cross Extra are 
' neses recommended for this- work as the 
lower parts. of the charge must depend on 
the shock from the primer in the top for 
-their -detonating ^ 

• impulse. . , ^ 
As It is impossible 
to force back the^des' 
' df the holes in solid 
iQcii as is done in 
^lastingin hacd clays, 
modifications in the 
method of loading 
Fig. 08.— toading a are, required, 
deep hole, showing tte - After excavating 
relative positions of the i i. i j 
charges and pruner tied the hole down 
i»th»ltMii JDottiid line . through the soil, if 

*¥l^f H!i*S!Sf^^* any is present,. driU 
of the blasted hole ^ ^^^^ ^^^^^ ^j2 to 

18 inches infa.the rock. Load this, with a 
full cartridge primer pressed well to the 
bbtjom, tarfip the hole tight, and fire. 
'"' 'If the loading i^ heavy enough this will 
feh^tter the rock to the full depth of the 
blast. 'When the loose fragments have been 
removeld, drill another hole to about the 
same depth and load as before. 

The explosive used for this work should 
jierer be of i lower strength than Red Cross 
|}xfi^'|40% strength, and for hard rock 50 
df^O% strength is often better. 





Fig. 99.— Method of 
loading to blast a pole 
hole in s<did foek; Th^ 
b^re hole .must not be 
deep. After the first 
blast clean out the frag'' 
ments and dnll a sec- 
ond hole^ Potted luM 
indicates the ' shape of 
the blasted hoW 
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DIGGING TRENCHES WITH VERTICAL KJOJiS 

For blasting in vertical wall trenches such as' pipe line arij 
sewer trenches, the methods recommended for open drainage dilchei 
are not applicable, as the soil Is blown away, the top is too wtiic^ 
and back nlling is expensive. In this case all that iS needed is i 
complete loosening of the rock or ground. 

The soft easily dug earth is removed from the top sO that tbc 
hard ground or rock is exposed to the full width of the trench. One 
or two sloping holes similar to the cut shot (Fig. 100) are used 
to Joosen the ground to the deiired depth. This creates a pit 
or opening into which subsequent blasts throw the loosened eartK. 

Holes are then drilled along the center line of the trench as  
indicated In Fig. 100, Ordinarily these should be Rred in succession 
in order to overcome the difficulties encountered when long lines aie 
hred. In cities or towns each hole should be fired separately nich an 
Electric Blasting Cap. This is for added safety. 



au:a e"--3) O 



Fig. too.— Hclhod at iMdiat  aeini or jripa line tntidL Tbe Maa AA 
us died and the debrii clsuisif oat. Tben the otbsr luilu, B, C, D, (^ as 

down the tiaDCh line us drilled sad flied In nicceasion 

SCRAPPING HEAVY MACHINERY 

The method of blasting heavy machinery for breaking it int« 
■traps must depend on the nature of the material. Large catn'ngi 
ar^ usually broken by mud caps used in the same maimer as for 
boulders. (See Fig. 117, page 87.) The explosive recommendei! ii 
Red Ctosi Extra 40% for smaU pieces and Du Pont Straight 50% 
Dynamite for hard or large pieces. Occasionally a bolt ;hble makei 
an excellent place for loaditig a block hde^hoL . , 

CHd retorts, stills and other holloin castings can be easily b(i)lLfB 
l»y filling with water and suspending charges of about >icartridM of 
iny available dynamite so that they hang in the water aii4 wwt 
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6s. or^B tiwhes from the -side of the vessbL Electric firing is. always 
pvcfiBcablb .and must be practiced when morei than one charge is 
tised IB a Tiessel. In this blasting* the concussion is carried thmughi 
ihewsier to the sides of the vessel. • 



l^ig. 101. — ^An open vessel is filled with water 

and a charge of dynamite, properly primed lowered 

t to a point aeai' the thickest or strongest ffl^tal. 

-. -Tbim charge nutst not be actually in contact with 

. 1$i.e metal. For large vessels, two or more charges 

'^'ate used and fired ele(itrically. The dynamite' 

' caiUMM Hue water to transmit a powerful blow to 




?fl lll<„Mi,iii,Mii>m<M,„.-Mm 
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Old,i3ioilers may be scrapped as has been described for retorts, or long 
mud caps along the plate seams can be used for shearing them apart. 

When there are buildings near at hand that may be damaged by 
flying bits of iron^ u«e should be made of either blasting mats or a 
substitute of tree boughs or planks. 



i-i 
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Fig. 102. By stringing cartridges along the seams and covering witii mud 
the plates can be ^siJor sheared. Sometipies the. cartridges can be split 
lengthwise into Imlves or quarters for light 'plates 

-...•• .. • •  •• . . /  ■• ' 

Structural steel shapes aiid forms consisting of riveted - plates' 
can be very easily broken up :afid sheared off by using 50% Du Pont 
Straight in a long mudcap strung along the riveted seam jor joidtk 

BLASTING FROZEN MATERIAL IN RAILROAD CARS 

In cold weather such material as bre, sandj gravel, dnders siAd 
coal ftequently freeze after having beem loaded iiito^ars and si^ri*' 
Ottsly interfere with unloading. Blasting vfrith light charges 'of e!«- 
^lo^ive is veiy effective, quick and economical, the frozen mkt?eriat 
being shattered and broken up for easy handling; 

In hopper bottt^m and gondola cars, which are unloaded through 
chutes or hoppers in the bottom of the caps, the freezing generally 
oicurs in the hopi^ers or chutes. This plugs the otiriet sothat the 
h&st^ unfrozen ftfaterial abov« bannot run but through ^the chuttr^ 
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In bllsting to op«n up the hoppers, the door is iwuk) 

hole Urge enough in diameter to accommodate a caiuidg 

18 driven into the frozen material (See Fig. 10^); The hole should 

extend just barely through the stratum of frozen material. If the hole 

is [□□ deep, and the dynamite cartridge loaded in the loose material 

back of l!ie fiozen sttatum, much of the foice of the explosion will be 

expended upon the already loose material instead of shatterinjc the 

One hole is usually sufficient for each chute, and .the amount of 
dynamite generally used is from }4 cartridge to a whole cartridge per 
hole. Red Cross Extra 40% dynamite Is^the most satisfactory for tflis 
work, as it is low freezing. Blasting caps and fuse may l>e used to 
detonate the explosive, hut electric blasting caps fired by a Uasttng 
machine are much safer and more satisfactory in evciy way. By 
their use considerable time is saved in waiting fpr the fuse to .bum 
and the dynamite is not exposed to the cold for so long a tinie. 



Vii- lOJ.— ShowbuCtui; 



:iiarma of DyMmit. 
[Dm Eoll^I Botlon 



RitiliDsd Can 



Care should be taken that the dynamite be well thawed before 
loading. The holes should be well tamped and fired as soon as pos- 
sible after loading before the explosive has become chilled from con- 
tact with the frozen material. 

In open top cars the material somerimes freezes on top. Where 
this occurs, several holes driven down just barely through the frozea 
crust, about three feet apart, loaded and fired electrically as above 
described, will shatter up the crust so that it can be easily handled. 

BLASTING OLD FOUNDATIONS , 

Old concrete walls, foundations or engine beds can be most eco- 
nomically removed by means of explosives. 

If it is found necessary to' remove a wall of conrrece or brick, it 
can' be best done by boring holes either with a hand or pewcr drSI at 
the bottom of the wall. Holes should be drilled to a depth equal to 
%, of the thickness of the wall and about 4 Feet apart for with 10 
feet high or under. From l4 to I cartridge of Red Cross Ewa.«% 
dynamite should be loaded in each hole and all connoted u^eliic- 
trically and ficed at one time. If any fear is felt in regard to thi<iw- 
ing deciris out of bounds, heavy ties or other lumber should ba piled 
against the wall in front of the holes. ... 

For removing concrete foundarion or engine beds inside a buiUing, 
especially if there is other machinery nearoy, great car^ is necetufK 
'n the use of explosives. It is best to shoot one hole at  tint. If 
•X engine bed, a vertical hole should de drilled a dfpth nearly wut 
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I to the thickness uid yi cartridge of Red Cross Extra 40% used per 
1 hole. Holes, should be well stemmed with clay. At a genetal itilo 
I about J^ of a pound of Red Cross Extia 40% should be used pet 
I cubic yard of concrete. As an extra precaution it is well to protect 
j adjacent machinery by stacking railroad ties or other heavy timber 
\ between it and the blast, or the concrete to be blasted can be covered 
; with a blasting mat before the shot is lired. 

Sometimes best resnlts are obtained, especially if the mass is of 
small section and high, by drilling a horizontal hole near the base. 
I In this case the hole should he drilled to a depth equal to ^ the 
I thickness of the block as in blasting a wall and loaded in same pro- 
I portion, ^ of a pound to the cubic yard. In all cases be sure to tamp 
I holes splidly and take every precaurion to protect nearby machinery. 

Experience hat taught that the better the concrete the more easily 

I it is broken. It is not necessary in work of this kind to shatter or 

throw the material too much but to crush and break It so that it can 

be easily barred or picked down. 

If work is -'""--'- -L~ .^ — - — . 



BLASTING ICE GORGES 

Frequently ice gorges so choke running streams as to cause seri- 
ous danger to bridges, dams and other structures. Blasts k> break 
these up should be directed at the key or pivotal point of the gm'gej 
The most common mistake is to underioad. Two general methods 
of loading ate practical: 

' (L) Holes ire cut through the ice at frequent incervall and the 
charge*, the quantity of which must be governed by the thickness of 
the ice, tied to blocks of wood, thrust through the holes and allowed 
to float under the ice a little way from, the holes. Such blasts heave 
the ice and thus break it apart. 



BLASTING ICE 
■t loaded on the lop of the ic 




As this work must, as a rule be done on short notice, little tinu 
is affwded to obtain the coirect explosive, so the recannneadatioD 
is made foe any low freezing dynamite available. If Arctic dynamite 
is used the second method of loading is advised. Electric firing 
should be use3 for safety as well as for the benefits derived from " 
charges firine at exactly the same time. 

Moving floes of ice must usually be broken by the second method. 
The explosive primed with a Blasting Cap and a short section 
of fuse can be dropped on the floe from the shore or from the 
down stream side of a bridge. 



OUKI^ENT — *- 

-A bundls of cartildni primed vith electric bbitlni can flMttac 
o«. miMi flted. Ibis biMiki up ih* Ics and allom IttoflMtawaj 

It is difficult to give any definite amounts of explodvei to be 
U)ed for blaning ice, but where the broken ice is three or fotu feet 
■hick, the charge of explosives should not be less than ten poundi. 
Where the ice gorge runs up to twenty and thirty feet in depth, it 
Tiay require 1,000 or 1,500 poundi of dynamite £rtd under it to 
tain any results. 



CLEANING SMOKESTACKS M 

I STARTING RAFTS OR JAMS OF LOGS . 

Log rafta or jams, on CarcM examination, are u^itany found te 
be, tied together or held by a log or several logs that ace as a key 
orp^ot.' k is against this point that attention should ht directed. 
T^e use of heavy charges' of dynamito is usoally necessary. The 
loading should be done as quickly as possible as it is usually danger- 
tius to TCn^aln long on the jam. The dynamite can be loaded into a 
t>dg or box, primed and placed 'in the water as near the key logs aS 

pbsErble. Firing should be by means of Electric Blasting Caps a 

there is danger of the loader havrng difficulty ' 

safety vhen using Blasting Caps and Fuse. 

CLEANING OUT SMOKESTACKS 
' In many industrial plants there are large smoke or kiln stacks 
that become clogged witn soot. It is necessary, in order to maintain 
draft, that they be cleaned frequently. 

A simple, economical and most efficient method to accomplish 
this is to shoot the stack with the "Stack Gun" and FFF Blasting 
Powder. This gun can hi used in cleaning either lined or unlined 
stacks, brick or steely without any feai gf injury to the stack or lining. 

The gun can he made out of .?" f*''! nit^rr^ ^f «karrinu ^lt<^irF 4f' 
in. diameter and 14" to 16" lon|(. 



aching a point 6f 



Pif. iCff.— Dstails of • Stack , 
GaaotCumim. TUg Is loaded 
Kith hlutlUB powdn pUeed in 
the.bonom « the sUck ud 
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Vf' long in the center of the piece. Then bore a small horizontal 
hole yi" in diameter through the piece to the bottom of the center 
bore. This hole serves as a touch hole for inserting the fuse. 

The whole thin^ can be mounted on a pedestal about 6" in di- 
ameter so that it will stand in an upright position. 

The method of operation is as follows: Pour some FFF Blasting 
Powder into the mouth of the cannon to about 2" from the top. 
Tamp to the collar with dfy clay. A short piece of fuse is inserted * 
in the touch hole and in contact with the main powderi charge. 
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Open th« Rue door at the bottom of the stack, iset t:h4 «iinnt)n on the 
bottom and ia the center of the stack, light the fuse and close the 
flue door. 

The explosion shakes and loosens the soot adhering to the sidet, 
causing it to fall to the bottom. It can then be removed through 
the flue opening. 

A char^ of 8 inches of FFF Powder, one and threerfounhi 
inches in diameter, is sufficient for a stack up to 100 feet high, and 
four feet in diameter, oi ovei. The number of shots necessary to 
thoroughly clean a stack depends upon its condition. Ordinarily 
three or four shots will clean a stack, but if very dirty it may require 
more. The size of the charge and length of the cannon can be tegu- 
lated to suit the height and diameter of the stack. 

There is no doubt about the efficiency of this "ffw" for cleaning 
smokestacks. One of the largest, manufacturing concerns in the 
country has used this method for several years, without an accident 
or injury in any way to the stacks. 

STUMP BLASTING 

Stumps take up room in the field 

the use of improved machinery and incl , 

break and destroy tillage equipment; harbor vermin, plant diseases 
and weeds; are unsightly and detract from the Talue of a farm. 

Different classes of stumps have very different roots. Some have 
heavy tap roots, others onl^ lateral, spreadini roots, while some 
have both kinds. The loading must suit the nature of the roots, 
and be placed to break their hold in the soil. 

Green stumps are harder to blast than dead ones, and require a 
larger amount of explosives. 

Stumps are much easier to blast out of Urm soils than out of loose 
sandy soils, and allowance must be made in placing the chafes. 
Some clay soils become very springy when wet and do not afbxi 
good connnement for the exploding charges. A few small stumps 
should be tried first to arrive at a correct loading. Sandy soil con- 
lines the explosive better when it is wet. 

Blasting Tap-Rooted Stumps. — There are two methods of 
loading tap-tooted stumps: 



Pic- lOa.— Loadlu of > Ta^SoatBd 
Stuns with  Sncle CluiiB, otfnc Ca* 
■nd nua 



(1) Remove a little soil and expose the tap-root to a depth of 
about 18 inches, with a wood auger bore a hole dlagonalty downward 
and a little more than half way through the tap root, pack tW 
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tfrarei into the hoi» and camp veU. (Fig. 108.) Th« amount of 
durge «hould cdnform to the diameter of the tap root and we of 
the stump. 



Stninp for aa Kecttic BU>t Two or 
DUt* chuf as ua uad 



(2) Bore or '^unch two or more holes into ths earth immediately 
'alcmgside of the tap root. These should be spaced equally around 
tlie loot and put down to a sufficient depth to break on and lift out 
.tlie stump and roots. "Die charges must be fired together nith 
electric blasting caps. (Fig. 109.) 

The Srst naethoHl requires: the most labor. 

The second method requires the most explosive^. 

,The first, iwthod, because it splits the nood vp better, is be^ 
when the fugments are to be used for fuel or distillation, but tbe 
second method is best where the brace roots are very heavy or it is 
desirable to get out ,all of the tap toot. 

Ke4 Cmss Fatm PoWder, or if the soil is light Red Cross Straight 
or £fd Cross E^tra 40% Dynamite is the explosive recommended. 

Loading SAiftO Stumps. — To load a small green oak, or 
tifflilkr lateral tooted stump, to blast it out of a sandy soil, puncW a 
hol^ diagonally tinder the main part of the stump to a deptb of ndt 
less than 3 to 3>J feet, and toad with Red Cross Exita 30% 
'or Red Cross Extra 40% Dynamite. In firm clay soil the hcJe may 
lie shallower, and Farm Powder substituted in the' loading. 



dM^awM di 



Stnmik Ksap th^ dnufa 



n part of the atump 
e generally use<' 

. Loadlnft Large Stumps. — To load' a large green oak stonip 
to tilatt k from a firm soil^ place a hole diagonally under tite maki 
part of the ttump as has bran described Cor small stumps; and flan 
other holes under the heavy brace roots. Use Red (>oi> -Fann 
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ToMder (or Red Cwsi < Eictri; 30% fer light loilt). Load tfc 
center ho(e hcavitgr, and the olber holes Ughter,. and fire witfa dean 

blasting caps. — 



, , „ .,_, . ^ , ,_dlidw the wiiMui 

eoDB»ctad in flirics to th« IflsdiBB wjrs. "B" Bhowi the loutioii of itbo 1m^ 
Dndei the Btump I 

General Notes on Stntqp ' Blasting. —^ Hollow stumpt 

should be blasted by electtiifally fired shots. It is often advisable ei 
tamp the hotlovrfull of soil. Small hollow stumps can be blasted br 
[ninching a deep hok'thioueh the hollbn',' loading and tampint 
Eightty both the bore hole and the hollow in the srump.' 
, In stump blasting the charge is loaded at i^e bottom of the ftohv 
'and break;s out through most soils in such a way as to fotm an in- 
verted cone, the top of which is a little less than twice the dcFrtJi of 
;The hole- The ich^ge should bt deqp enc^ifg^ 'I? mate the cqtK: io- 
,clade all of the stiunp anfl pa,n «f th« main roots, and must be heary 
enough to lift this entire qqne of soil and the stum^ into the air. 

To remove the stumps from a large area where the most of them 
^r^ 1^8*. ^^ have heavy briice roots, use a combination of blanint 
and pulline,,|ising d>'naiiute for removing those easily, bUstied and 
splitting the Ijiige ones and pulling the fragments by means of l 
puller, traction or donkey engine. 

The exclusive use of dynamite is recommended when the SUunpi 
are scattered, or where there is but a little work to do, because it it 
much cheaper in that there is no outlay for enpensive equipmenr, 
and tlie laachiKiv need not be moved so often. 

' Electric blasting is ttsed in preference to cap and fuse where 
the stumps are so laree that more than one hole is necessary 
in blasting, and where hollow stumps must be blasted by means oF 
a circle of holes. In boring into the roots of large stumps a heavy 
wood auger with a solid handle not less than 4^ feet long is needed. 
Either a crow bar or punch bar and a soil auger is useful for making 
holes in the ground under stumps. Deep holes arc desirable. 

The explosives recommended for blasting stumps are: Red 
Cross Farm Powder for heavy firm soils or in wet soils that dffer 
■good resistance; Red Cross Extra' 3iO% in lighter soils; '. and 
.fed Cross Straight or Red Gross Extra 40% Dynamite in IboM 
«aady soils where quicker actioD is necessary. . Thesa are ill loi* 
'nesmg cKptitsiTCs. 
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with the blasting cap «[ electric blasting cap painting towaid xhi( 
main part of the charge. The tamping should be carefully and 
thoroughly done. 

In water try not to injure the paper shell so as to guard as far 
af possible "asalAst water. ' Fiie soon after loading. If the water 
covers the charges to a depth of a foot or more no other tamping 

The same care as to safety of the blaster and all spectators 
should be observed as noted on pages 67 and 68. 

Whore there are any gullies dispose of stump fragment'i by thttow- 
ing them into the bottoms where they will help catrN the sHt <uid 
sand, and where theywill an as bliml drains when tht gutliei are 
, finally filled^ 

i Fat pine stumps are sold to ctntipanieS interested in iroai dts- 
' tillation when the distance to the plant is not too great to nuke it 
' unprofitable. By selling the wood, such stumps can usually pe- dis- 
posed o f'fe t-ehogEhto pay-rhe row trf cteanng ilie l jiid! -TSieycan 
' KHnetimes also be sold to homes for fire wood or kindling at good 

BOULDER AND LE;DG£ BLASTING | 

Boulders offer the same troublee as stumps, in fidds^tdadiiuid 
' in construction work. Blasting, with dynanileis the quickest and 
easiest method of disposing of boulders. There are thcee metbodi 
' of loading: 

(1) Block hole. 

(2) Snake hole. 

(3) Mud cap. 

Blockhoiing.^Blockholing consists of drilling a hole into the 
boulder and charging it with a small amount of dynamite. It is the 
best method for breaking very hard or very large boulders, especially 
those of the "nigger-head" type that are difficult to break by other 
methods. The hole should usually be drilled about half way through 
the boulder and may be an inch or larger in diameter. 



Fi|. III.— FioparlT Placed Block Bole 
Cbun lot Sbatterinl; tiLugt BouMm . 
Tlu h*la ia drilled aboul half w>* ^ 
ttarouch tbe booldflf , carflfullr loaded, - 
HfhtlJ tunpMl and Sisd with cap ud 



The explosive may be removed from the shell aod packed firmly 
into the bottom of the hole. When the entire charge is in, make a 
hole for the cap in the top of the powder with a pointed hardwood 
■tick. Press the cap into the hole and tamp it in with moist soil. 
Thehole-d»i»44l>»*»fflip»4..fiiU< .., :■  -i- j:" 
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A« tht cenfinement i» perfnct in Euch loading any.bf tho Ehi Pom 
high eXfilMives recommended in tkis book will give good 'reanltt 
Red Ctos* Farm Po4rder is especially 'reeomiuetided. ' " 
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Blockholins IS very elTective in blasting out-c[0|>piDg ledees thai 

An too Urge to remove entirely 

A good tttol for examining the size and location <rf submerged 
boulders can be fashioned from >, inch iron rod. CFiB''U4-) The 
shatpened end is punched into the ground. 



Pi|. IH. — Sounding Re 

Bouldet fragments can be mcist 
boats. Foi kuig hauls, wagons or cai 
OMcllent material for roads, fences, s 
gully bottoms. 



isily loaded 'on sleds or s 

s should be Used. Th^ make 
me for concrete and filling for 
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' SnBkelioUiig. — Snikehoting coniisti of punching a hole tindei, 
! but immediately; against the bMtom of » boulder and placing th« 
chai^<f of explosives in ai compact a shape as the size of the hole 
will permit. A hetlei idea of the method can be had by studying 
Fig. 116. The explosive being confined on the underside by the 
earth, can exert a powerful blow on the boulder and will roll it out, 
I or if a sufiicienr charge is used will break it in fragments. 

TKis is one of the easiest and most successful methods of boulder 
blasting. The best explosives for this work are either Red Cross 
Extra y<)% or Red Cross Extra 40% Dynamite. Red Cross 
Farm Powder is good where the soil' is heavy and offers enough re- 
sistance. Electric blasting is not generally used unless the boulders 
are very large and more than one charge is used to blow them out. 
Many blasters prefer to lift boulders out with a snakeholc shot and 
later break them with a mudcap. 

Frequently a combination of a mudcap or even several mudCaps 
with one or more snake holes under is most effective. 



mg. lift. 



-. 1 for BreokiDx or 

with * Sukchole Shot 



Mtid capping. — Mudcapping is known by a variety of namei, 
such as " Bulldozing," " Blistering," " Poulticing" and "Adobe 
Shooting," and is made possible by the fast, shattering action of the 
higher grades of dynamite. It consists of removing the dynamite 
from tl^e shell and packing it in a compact conical heap on the 
boulder, and after inserting a cap and fuse covering it with several 
inches of thick, heavy mud. 




The explosive should be placed on the fioulder at the place where 
it would be struck with a hammer were it small enough to break in 
thit way. This may be on the top or side. If the boulder is em- 
bedded in the ground, a snakehole shot to roll it out on the surface 
shouW first be made, because the confining dirt makes it much 
harder'io break with a mudcap shot. The mud covering diould be 
»% thick as it is convenient to make it, not less than j «i: & inches. 
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and free' from stones, as the bhit wiH thron than u dioiJgfa. they 

wtic bulUlt. NavcrUya stone ihi top of the mud.for .thcisaoie reaion- 

The ex^Mives used are Red Cn>» Extra 40% fbr^ u«ily bniken 

rock, and Du Pont Straight 50% fonhaid "niggsthead'' bauldera. 



qidM huTi^, and Ifae c 
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iB holes for reiuTeiutinGfailJDS tri 
' :s filled wltb layers af nanui 



±. mixton of «>il and faitiliiei 

TREE REJUVENATION 

By tree rejuvenation is meant blasting around the toots of 
grown fruit, shade and other trees to invigorate their growth. It 
proves beneficial especialiy on tight clay and hard pan soils where 
the trees are not growing properly. 

The blastinc should ht done in exactly the same manner as Mast- 

'in^ for subioiltng or tree' planting. If the aoil is deficient in plant 

-fooi^ or organic matter the holes should be loaded quite heavily bo 
that the blast will blow out an open hole which can be tilled with 
layers of soil and Manure or with soil mixed with fertiliwtfc If this 

il niit done the pot bole 'fotmod be the base of the blast muit be 

.fiUbd.up M pi«v:dntcdviii«. 



TREE PLANTING «9 

For young trees the blasts should be placed not closer than 6 to 
8 feet from the trunk of the tree (Fig, IISA)^ for old trees they should 
be about under the ewreme spread of the branches (Fig, 118B). Such 
treatment has been known to hiive a considerable effect in relieving 
nematoids and Eimilar diseases of the roots. 

When trees are stunted by the tap root coming in contact with 
hardpan, relief is obtained by shattering the hardpan immediately 
under the tap root by a blast placed as shown in Fi^. 120. The 
charge must be very light, usually about X of a cartridge of Red 
Cross Farm Powder. A heavy blast would so damage the roots as 
to injure the tree. This treatment should be accompanied by 
blasts placed around and among the lateral re 
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TREE PLANTING 

Blasting for planting trees is advised on lighter and more open 
soils than for ordinary subsoiling. It is not advised on open, well 
drained sandy and gravel soils. The wort is done when the soils, 
.especially clay ^oils, are dry. When such subsoils are blasted vs% 
there is trouble from the soil around the blast being compacted- - 
The blasting can be done at planting time, but a better practice is 
to blase some time in advance. Manure, commercial fertilizers or 
ground limestone can be added to the holes if needed-. 

The work is simple. A bore hole is punched into the ground. 
(Fig. 121.) This is loaded with a J^-cartndge charge of Red Cross 
Farm powder, or if the soil is hard to break or the holes are deeper 
than 36 inches, with a slightly heavier charge, Blasting Caps and 
fuse are used. ' (Fig. 122.) The hole is well tamped, 

The shot will loosen the soil for a considerable distance and form 
apot hole or cavity at the base. (Fig. 125.) The loosened soil is 




« the Hole. This .---- -rr- — ;- -s .- - 
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TREE PLANTING 



FI(.1Z3.— Loom Tuning OrarCluu^e. Vig. 124.— Top of hols Mmped ti^ 



Tbli ihould ba about 



Kg. 125.— ThB blast thorouthlr Kg, 126.- Tha baat maetlee fa U 

craohi tba toU, but usual]; laavea a ahovel out tha looaa aoil lad exoM* 
cavttr DC intliola at tha bottom. Thu tha polhola. TUs is ntflr diaH bi tba 



tha polhola. TUs iB « 
fcedilr bUatad holu 



Fig. 127.— Ab much ol tha hokaipoa- 

Bible ahoDld he fllied with rich top «dL 
Pack thJB aaougb to piarant aaltlisi 
■Bd set tba loeta like (b»j waia in iha 



shoveled out to enpose the pot hole, which is then filled with top 
soil up to the level .where the tree is to be set. (Fig. 126.) Thii 
filling must be tamped or tramped to prevent any settling after the 
first heavy rains. 

The tree is set in a natural position. Both top and roots ihould 
be pruned. 

This method of planting is advisable for all kinds of fruit, shade, 
and ornaniental tieei. 



~ 'Wheo ihesubsoU is c^iremdy hard, ii. should be Masted 
quent intervals between the tiees. (See also Tree Reji 
page 88.) 

SUBSOIL BLASTING 

Subsoil blasting is a new, deep soil treatment intended to loosen 
hardpanand tight cla; subsoils so that a ready movement of the 
soil macer is permitted; that the roots c^an grow unhampered; that 
the soil can betome better aerated or ventilated; and that the 
crops can grow better. 

This blasting must be done when the subsoil is dry. Holes are 
punched (Fig. 131} at intervals of about 15 to 18 feet. The depths 
of the holes^ must 'be in keeping with the nature of the soil. For 
clay or hardpan soils that are uniformly hard to considerable depths, 
the]>..ate- Usually fioip 30 to 36 inches deep. For thin and well de- 
fined layers of hardpan, they should be down to the center of the 
hardpan, -Mm^i naturally causes a decided variation in their depths. 
They may vary from 24 to 40 inches, (Fig. 128.) 

Each hole is loaded with a l^-canridge charge of Red Cross Farm 
PQWiler, miless, the loading is very deep or the hardpan hard to shat- 
ter, when a slightly heavier charge Is used. The surface should show 
WBli^'butging, but no dirt should be thrown into the air. The hole 
is welt tamped and fired. The pot hole made at the base of the blast 
must be (iUe4 b^ cfiving in the top soil. 

J,.,' 



Fit- IZS. — DiJIerent Types ot HaMga Bncounteccd in t9ie Oiehud . 

' (0 destroy any shsfow plow 
usually from thirty to tturty- 

In Boils like tie one lepreaonted io "B," place the charge toward Iho bot- 
tom of the hATdinn bo that the entire layer may be pulTerized, but do not go 
bMni aa.lMtlbia ol It; as the totca of thn blut will tend to nise the hudpsu 
■■:«harikk nthoi ttaa.ahitta it. Ifae depth is goTeined nbsolutely by the 

fard of a* katajpufc. 

Uhuniation "C" ohowi one of th» mosl common subsoil tronbies. Thii 
tne of hardpui ot tight clar is oiually too deep ta blast throaghi and cellef 1b 
obtalacd by polverizint HTcral teet ol the top, wliicb if well done will be 
found to be lufflcient ta store moisture and furiush room foi an ample toot 
dmlmnunt., Ibc suth a condition the b|iui sbould be made not leia than 
tbee ftol deep. 

Occaaioaally a aoil is fono 

tSMDd-to nqne deeper blasti_„. . ... 

ta*a kafdtoft-tll* «MPM lUe t>«ttM. 



CONTROL OF EROSION 

xatdy the ssme a) 



Fig. 1».— Often liaidiian pre»ents tMe dnliUB:e water tram gasriiig loto 
tne or open dralos. Ths relief ia thiough Uastiug. whith opena up Iha naedsd 
dtainage coiUBeB. Such blsals ue loaned etacUy as for subsoQlag, bat msst 
Iw kept well away from the die 

Blasting to Increase the Action of Tile Drains. — To 

correct the troubles caused by impervious hardpan or subsoil hold- 
ing subdrainage waters out of tile and other blind drains, subeoil 
blasts are placed about 8 to 10 feet away from the drains. A better 
practice is to blast such soils before the tile is laid. ' ■'-•■', 

CONTROL OF EROSION AND GULLY FltLtNG j 

The stopping and filling of gullies is becoming; rooieand mai^ a 
matter of importance as the need for more agricultural land grMri. 
The control should be begun from the very top or 11^"^*™ of 
gullies, for work started farther down the slope cannot be expecteij 
to be successful on account of the amount of water that' would be 
brought down from above on the feeshly made fill. ' ' 

The control at the top may be accomplished, by better plowing 
or subsoil blasting the adjacent land, by terraces, or.by diveriW 



Fic-130.— Onll;ifMifflliiit;,ikawla< 
the DM that cas ba mad* of b«Uar 
and BtuiDp fnimiBta in hnniiif UM 



 Before beginnine the actual filimR of the gully a Iktle a 
given to the bottom of it may ma^ a suitable plape for layioE a 
tite^drain. Frequently an excellent blind ditch, can be made by. 
illiiig the bottom with brush, logs, or boulder tind itilmlp ft 



0M4TBDIL OF EROSION 



Flf. 131. — Showliic 4' he uA' fahiih tun Indll aeroH  cully to form u 
■Bchmce foi Hi* moved bdiI. A wotbd wii< Icncs with the top set larsl with 
Oe fraud ii (IM BDod 

'" An occailiHiri anchor should be formed to hold the new AH m the 

^ully. , These are formed by constructing a rough log dam or buildi- 

iMf t'ilaven wire fence across the bottom. Above this thete should 

'be a ^tk of brush, cam stalks or other lubliish. 

To blast down the sides of the banks, bore holes are made from 

The top as in A, Fig. 132, or from the bottom as in B, Fig. 132. These 
can be loaded quite' heavily to actually blast the banks down; or 
lightly to shake the bank so that the work can be completed by 
means of light drag scrapers. A comparatively light blast in com- 

'bination with the scraper usually gives the best results. Bed Cross 
Fanti Powder is recommended for this work. 

While good work can be done with single shots using Blasting 

'Caps and fuse, better results aie obtained by firing a series of holes 
with Electric Blasting Caps. 

Where washes are broad and shallow, thorough subsoil blasting b 

.usually sufficient, though it is always necessary ca protect the upper 
end of the wash against danger from flood ^acer. 

... To facilitate the use of teams on the scrapers a loag chaiji or 
lope hitciv is frequently serviceable. This enables ttie taamt to stay 
oil the firmer and more, level b^nk while the scraper. is a r work oa 
the (ough sides of the blasted gully. The subsoil should be blasted 
for. SQDje distance on both sides to give greater water ahsorption. 
This acts as a safeguard against, erosion starting again. 

Foi Uuting down^ or -loosening the banks of gulliea, either vecti- 
-cal boUij A„0[ flai (snake> holes may be used. For broad, sbping 



96 DITCHING . 

DITCHING AND DRAINAGE i 

Diwh blasting is effective for digging optn itttches in all ijasse* 
of ground frotn solid rock to loam; it is not effective in looSe sand 

in size, blasted ditches vary from about 2 to 6 feet in depth and 
from 4 to 16 feet in iridth, depending on the method of loading aird 
the amount of explosive used. 

There ate tWO distinct methods of blasting ditches; the propa- 
gated and electric. The propagated method can be used only" irt 
wet soils, while the elecctic method can be used in either wet or dry 
soils. The explosives and blasting supplies needed and the methods 
of loading vary considerably in the two methods._ 

Among the most striking advantages of ditching with dynamite, 
as compared to other methods, is the reduction in cost, the absence 
of a large soil pile along the ditch, the little time requited, the absence 
of overhead expenses for equipment, the ability to dig sucs:essrully 
wh^re the conditions are too difficuk for other methods, the adaptabil- 
ity to dig both larg; and small ditches, »od the simphcity of the tqeth- 
od^ These are discussed in full iii Handbook of Explosives." 

tMtchtng In Saturated Soils WlthouC a'BlastiOS Ma- 
chine. — In wet soils, where holes two feet deep will stand half full 
of water, the quickest and generally 'the most ecbnorilicat method of 
ditching is with Straight 50% dynamite. Only a straight" dynamite 
can be used for this met;hod of loading, as other. ^radef are too in- 
sensitive to be detonated by the shock from a smgle primer in a 
central hole: This can be practiced in the roughest of swamps, even 
where (here are several inches of water standing on the si)rface or 
whew the surface is covered with the heaviest of swamp stiimpa. 

This class of ditch blasting should not be attempted when either 
thf air or' water is colder than 50 degrees F. 

; The simplicity of the method and the truly wonderful restilw ob- 
tained must be seen to be fully realized. 



' R(. 135.— Llneofbote« Loaded tor a '>Pn>panted"I>ttch Blue In VHSofl. 
Vtm bolei us ipacsd 18 ta> 24 iochst aput, loaded irith SOtiiht 50% Drna- 
mite, aad tbo aatiio blast &t*4 by a sidila up. Incrsitol cbatoa at* UMd 
under Imige itumps ud boulaeia 

The course of the ditch having been decided on hy a survey or 
close study of the slo|>e, as indicated by the soifaee dcainage and 
the trees. having been chopped from the right of way, the work 
may be begun. , , 

Test ShotBi-r-The first thing to do ia.to try a few trial that) to 
iscertain the best depth and spacing for the holes. For ditdieB ufi 



to, 3 t(i,}>if«(nd(H tixi4fpt|i.(i(b9(«.h9)M wttl,uiuatf]t l»ft abwj 24- 
to 30 inches, and the sp^nng be(w«cfi halpt from .18. tD 2i inch«Sti 

although ji may bj, nffi^s^pr jq incrpa^ e tjie iefft^ ^nd d^erea^e, the 
spacing in some cas^s." It/.is well to begin, t)ie'(e5t with holestwo 
f^t deep'^nd IS inches apart. Keep these in line and load abou; 
lO op_ them with orie cartridge 'each, ' If a little water cqvers the 
cartridges in the holes no further camping will be needed. ^Ifnot, 
tamp well with. eaphf One. hole h charged with an extra primer 
cattridgei aiid it is ^Isqwell to put one additional \n each hole, ad-, 
JQ^^ning thjbprimer. . . , , ,   I   

!, , This ^osdingstouIJ, lift the soil u least two hnndted feet into 
Uie air, sc^ttet it over the adjQii\ipg,^sw<unP,f9t a distance of 150, 
ftet apd Ieai;p.a;gpCfd, clean tlitch: If.U dpes/iot, try a.idifferent, 
loading. It may t>e necessary to make the holes deeper in some, 
soils api not so deep in others. Usualjy in. swamp, foi]s the ,d|tch 
ijiade lii k foot or two fee^^Jeeper cfian the Aarge, but soiiie'tiines it 
■S ne^^ss'ary to load to the full depni. ' ,/ ' 



cteased'II jii^/ W''^ltoilU W^dpwiitf'larejter tW^4 «iches,and 
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DitfeHIN6 



then only in ^rm soil. F(i» vfefy siwall ditches less than a full car^ 
tridge df ex^losite may be Used in tach hole. ' 

Amount of Ghargi^ and Si^ of Dttch'.^Srnatl ' ditclies 
(for instance, about two feet deep ^nd three feet wide) in such sipilsy 
when there is little trouble from roots, can be dug with half cartridge 
charges, byt when using such small loads the spacing between holes 
can seldom be over 18 or 20 inches. ' j '/ . , 

Larger ditches can be dug by using two or more cartHdges ih 
each hole, and a second', or even a third line of holes m^^ be put 
down about four to five feet from the original line and Ibad^lx in 
the same way. When two or thfee lines of holes are used 5't "will be 
rifecessar^ to use one dectrfc cap lA each line, or to put in one or two* 
extra charges betwcfen the tows to insure the 'simalhihdOus detona- 
tion of all the charges: ; ' 

. Puttihjl^ I^Qwn tie ttoles^-^Ordinarily in. swamp]' s6its/t^ 
bore holes can be put down with little effort., , If the soil is at ^U 
hard, or has a heavy crust, the fastest tool is a good sharp crowbar 
or punch (Fig. 66), but if soft and mucky, a heavy tamping stick 
will suffice. The holes should Hot be left open, but should be loaded 
at once, as they will cav^ in or be filled with floating slime. 
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MOLE FOR r>/N 

REMOVABLE CORM WfTH STEEL 
^ POINT AT LOWER END 



Fig. 137.^Panch for Loading Holes ia Mtick or Qitiekiand. After the hole 
is pnnched, the pin is remoTea and the core iraUed out The dynamite car- 
tridges are then poshed down iikside the pipe and h^d in the bottom of the 
hole with a long tamping stick, while the pipe is befaig pnUed up 

Ditching With a Blasting Machine.— While it is possible to 
blast ditches by the propagated method, that is, without a blasting 
machine, only in wet soils, the electric method can be employed in 
any class of material, dry sand excepted^ and low str^^hs of low- 
freezing Red Cross can be substituted for the more sensitive straight 
dynamite. 

The layout of the ditch is exactly the same as for the other 
method, but as an electric cap is used in each hole it is possible to 
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Fig. 138.-— Section of Loading for' an Siectrically-flred Ditch filast< the beoth 
- and Bpadng of^e Holsi is Determhted hy TAktShoit ' ' 
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spacf tKem farther apart i|i the i^w7 Xhe'nocinat'dMMAee^nare 
from 24 to'72^ indies for small ditches, and up to 48 and 52 imrhes 
for large ditches. ^ . ^ 

Pifferent Explosiye^. f er Biff^retit Glaftsetf of Ditching. 

— ^The explosive selected for tlectric' ditch blasting will depend^on 
tl^e »i\.iadime of.^us^ -In a mediuoi Us^im where only a smsilh 
ditch (for instance, two feet- deep and three feet wide) is desired, 
th0 selection may ^e^Rod Cro^s FfirmPoy^^^, pr, Red Cross; £xtr;i, 
Dyoainite 30 9r.40%. . , Where the material is somewhat sandy Rf4: 
Crpss. Gelatin 40% wil) give heat; r^ults. It Is practically impossihle 
to blast ditches in dry sand. 

For larger ditches, or where there is much trouble with stumps 
arid roots, a stronger explosive will give more economical excavation, 
and Red Cross Extra 40%, or Red Cross Gelatin 40% should be 
selected. Where the work is very wet, and the charges must be left 
in the water for a long time, the gelatin should be selected, as it is 
more water-resisting than the Extra. 

Methods of Loading.-y-After 3.. or 4 trial shots similar to 
those described for wet ditching have established the proper depth 
and spacing of the holes, and the amount of dynamite per hole, the 
blaster is ready to begin actual operations. The holes may be put 
down with a subsoil punch, crowbar, soil auger or any other toot 
suitable for the particular class of soil. 

Unless water coyi^rs all chargM they should be tjiorou^ly fanjp^d. 
tt-u h^x t^' pundv only though i>oles for oii^ blast, load tbjera and. 
fire, before putting doirai mocer^aa kbey aseiUke^ toibe- filled op'ov* 
covered with trash thrown up by the blast. 

^. When only one cartridge is Used in f hole.it must wntaln the 
electric bbsting 'cat5;' land induldbe' pressed welrdown tQ the )>ottom' 
of the hole and tamped so that there is no air space lefl'to reduce' 
the effect of the him*') W^H :4eti^alr4c#itddgefe are used in each 
hple^^he priqoer ^ihquld.be on top» with the- cap; pointing .do^w;|rd. 

,.Af the work progresses the soft should be 'careiull3(. watched* an4t 
aiiy p^^deid variation ma4^. in the loa<lm^ so.. that i^, may Mways, 
conform to the material to be litted. . ., , ,. . ., 




tig, 139.-^Plaii of loading for an ^Blectrically-ilred Bitch Blast tTsing two< 

tiiies of Holes • 



..Blasckig Iiarte Ditches .With. • BkMtinft Machiiie* 

Whea laiger ditehes are desired, the loading- may be in'deeper- 
h^ea^ unfig.'niortior a higher slxefigthA)f explosive; 'or two; or mor^ 
parallel lines of holes may be emfd^ydd^ especially where ^ide butt 
sbatt(bw dkdicis ar^ needed. WJbere vergr dktp ditches an needed, 
Uatt amdte, shallow dttch! with two ot tnrei parallel rows>of hoks^ 
Fjg^I41 A^iantd.theniloadoneibritwo oovisiiiitheHiQttQnvolfitbcishalloflRr! 



STREAM COBlECnON 






fleh Rg 141 B thus Mast ng another ditch in the bottom bf the 
It one This latter method has been very effit ent m opfcmng 
large ditches eight of n ne feet deep through htavy boitdfn lands for 
the correction of stream channels 



Ml Mt — toetaa ot Blullni  pgep IHtcb wltb Two Shot) Tor tug*, d«n 
dltshat lluUo* loadlOK  HhowU In'-f' !■ Died M dllcvtdB, riwUowdlU^ 
I* llifi iMtMm ot tU» uuUaar maf lulM i* lo*4«l H t* "B" 

Whet) stujnps w boulders are encountered heayiet Ibading i* 
needed. This should b,e in keeping with recommendations \aa.it 
elsewhere in the book. 

' . STREAM; Q<MtItBCTION 

,' Etch fpring thebig Treshets in creeks and rivets' are the ciuk' 
of mt^h-property 1<Ms. Bottom lands are either' washed awav or 
ctWered with a la^r of sand that is too thitk to ploW under, and the 
fenility of the soil is greatly reduced. 

Qeraianent control of streams subject to overflow is expensive if 
all of the (natcrial for the new channel is excavated. Equally good 
resist* may be obtained wiUi liiUch lesf •expenar'by wtTertalung 
the work in a slower but more systematic way, which will pemit 
the lUeam to do most of thc.aclual digging itself. '~ . ' ~ > 

^ great pat;C of the trouble from streanis is caused bf ^ken, 
logs and brush, sand bars, oveihac^injE stumps and'trees, bOulden 
and rock outcrops, and sharp bends in the channel. These trouble! 
iRa)''be>*TeM)meqBielll7 wd^kt i^asoiiiAile rost fcyrtte'tMbfitlna- 
imoe. ' Shoot but .the nfts and logs, and btaar'akufficienc channel 
Amagfa tiie confining rock, Awdhplaeed bikn will causa the ever-' 
honkina itamps to Immediately vacate. ' . i - '' ' ' i :> . . 

.1 Tin cvtting oil.of' sharp turni in the diannd wiH'tatifr a'Mitk 
nHMe'time and should be Well done inthe btdnning; JL«cate the 
liiw Of the new cui-off ud blue a-diteh that iAll<M'aH.(inie*ia)ay< 
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Fig. 142.— Diacram pi Stream ^roubles l^t.iiiayf^e. Corrected by Blastixie 



a part of the fl6w. When this is done and the rafts and logs are out 
'of tlfc W2^y above amt belo^.'dll there is left to do is to wait for the 
heavy rsiins to^flpod the streams. The increased rate of flow will 
cause the,' water to cut and wear away at the bottom of the channel 
as well <as at the sides. ; From time to time, it will be best to go over 
the stream and ;Aiaker, sure that no new obstruction is being formed. 

Small blasted ditches have been scoured out by the current until 
they are noi carrying the entire flpT/Yi^fil^fJBft sj;rft?WS. jWi^Ji aji^tle 
help' now 2LtA then any stream with.a iair iaUxan be^.miade to dp 
wonders iii malmg for itself a pe^miMcfht dfid 'Suiftable>co«^rse\. * ^ 

These methods are applicable to drainage ditches for the Fe^Mama- 
tion of farm liands, to road and railroad building for outfall and side 
ditches and to samt^iy work for drainage for the control of mos- 
^qtiitbes. The Jmat^ial excavated from the ditch is. scattered for 
coiisiderable distances^ t5 each side. 

Small boat canals are blasted in exactly the same way as ditches. 

Vertical Drainage. — ^This type of drainage can be used only 

i^heh'the'tik^e is caused by hardpad kcfldtngLdie'lxQetkfiftcfikture 

onWfleai7th«l^siirface'of «ke groubd; and whdre there isian.undeih 

l^iiig'bed <iltMhd, gra Veh or 'other loosp iwatecidi! through. if hich the 

water can drain away as is shown in Fig. •143.- Itis-Acjoomplish^ by 

'dtillmg arhote ^Imofct^fh^ougB th& kardpan.) and leading it with a 

"SUffiti^ht'^arbbiint of lied Cross Fafmi Powder or :RddrCross. Extra 

Dynamite 40% diertribated'alongithe borciboley to shatter ;the dnttce 

laylef o6h^^pan; WheachehardpaJnis^df aigritty ns^tnre, no further 

treatinfeiit is needed; but •when it is slimy oc silty tht loiding -must 

•he. heaty'en^dtfgh to^reate a idugH (Well 'OP 'craten is fiUtd 

'with any sort of availabk rubbish) Buth^ as inrush or- boulder and 

stumi^ firagiti^nts.<^ This acts as< iin openiUrain.' The detiaik of the 

work are shown in Fig/ 144. ^ ri. . \ f. •* J - i * 

~' Yerfical draJma^e as practinable £or drainkig day f>iis, ,r6ads, 

railroads,, fiirids^ ponds and ^ many other ^pl^css. ^ In. a slightly diflFe^ 

'^^h|! appticatioaat call beuked>for the di^pokal of asi^ik|iB^ Spent ^dyds 

•ttnd laundry ''^ake waiterr If possible, the blasting shoukl.be done 

when the soil is dry, though good results have been obtained. w)i6i 



HfR VERTICAL DRAINIUX: 

th« water was so Jeep as to require the use of a Vaat or'floac for 
loading. When the bore hdea cannot be kept o^eii long enough to 
load the exploiivei, use should be made of dd pipe <yrboiler tube*. 



Ib^U 



These can be sfipped into the bore boles, cleaned out with a-'piimp 
or auger, and tbe charge loaded inside. It is best to then hqld the 
charge down with a tamping stick and drlw tbe pipe. When thia is 

— . iki. .v. .[,aree must "be heavy enough to do~double wgrk ir 

ind shattering the ban' ' - ■- 



— Dlwrkm 

FiBI u* V 



'of dnp di^naca 



...„ ..J and &ib ponds. Th( loading i| exactly .t,._ 

for ditches and either tlie propagated ot electric tnetjud may be 
employed. (See pages 96. to 100.) . . , 

There is no liiriit to the length of pond that may bt, blasted, but 
it ii ctuite difficult to blase ponds wider ihM about. 18 feet U the 
earth falls back into the hole. For all aJRca.and kinda (^..ponds 



the soil out oniirely the methods of loading aie the »amt.ia% for ditc 
blasting. For loosening the soil for scraiMH, the loading i» similar 
lb toostoing ground in digging picst and ».a|ow acting i.cxplouve, 
such as Red Cross Farm Powder proves .b«t. ,,. . , . 
' Excellent' (esuka are obtained in ntsdium hand gtoiind bv fol' 
-lowing the methods and in tubsoiltng al>. shown on pace 91, The 
doading «hoiiM Wdigbtly heavier than for lUbaoilinii W <!>« M«< 
NHich cioMi togetliet, tht spacing being fram fiHK tn lii mt, 
iapewUng oil tk* Mil. i 






' Tbi use of e:tpIosive« in :nftties diependi on a number cff fact&rs, 
protninene among chem> fceihg ren^flation^ amount ol 'water present 
in|di4'bore holes, nature iof die material^ meehods'of workingi^ and 
aUo flisyt be added' custom; 

On thisilasc, it may be said that a mine may be using an explosive 
which is hot by asymbanoiishe best suited to it for no other reason 
^han' tliat they have alwslys used that/ )nd the prejudice in favor of 
a certain explosive is s6 great that the utmost patience and perse- 
Yerai^ce, i^ piequired in order tp .induce, lain^rs . to uje ^n exji^^sive 
which IS really better adapted for tjie work m that partic'utar n^ine. 
, . Where there i^ much ^ate^.ia the bore holes, a gelatin dynamitic 
.^i^itb ele(;tric blasting caps is generally, required, although a R^d 
'(^Qss £xtra with cap and fu^e watei^-proofed! can be used if loaded 
and fired wi];h as little delay as possible;. 

In the. matter of. fumes a good de;il depends on what the minejrs 
prefer, , On^ miner objects stron^y to the fumes of an, explosive 
which another miner has become sp: accustomed; to that he would 
not tolerate the fuipes from any other. In badly ventilated, places, 
pii Pont Gelatin usually give? the least fumes, but where the action 
of a gelatin is tpo strong for the' material— r^s in mining gypsum, 
rock salt iind other soft rocks— pthe Ndonobels, particularly Monbbdfs 
5 and. 6, give excellent results. In hard flint rock where it is custoni- 
ary to spring the bore, holes before firing there |s. a certain amount of 
danger in usin^ a sensitive, granular powder, as small portions of it 
intiay sift d'own into the cracks of the rock, which may move and cause 
sufficient fdctioii to explode the djrnamite. This is overcome by using 
either a gelaltin, Whicji does not sift intqi the drevices, or ^ low-grade 
Red Ci-oss Extra powder, which is not readily fiired by friction pf 
this kind. . Straight dynamites as used for mining have beeii almost 
entirely replaced in the last few years by dynamited of the loW- 
freezin^ amnionia type or by the gelatins, causing a great improved 
ment in fume conditions and reducing the hazard of the use of ex- 
plosives .by careless and uneducated labor to a very great extent. 
One of the most desirable features of the'Perniissible Explosives of 
this McK^xbel tjrp^ if not only.iQh^rifrieeidom fi^om liabi^rjt»> ignite 
gas and <i^t nuxtures, but, also their ability .to withstand reasonably 
Hard usage io transportation,. thai»dlin^ and lo4ding. >For ordinary 
rock. a 30%, 35% or 40% dyn^te WiU^be found of ampl^ strength 
for the work, but in some very .tougjb. hard liock a ^% strength may 
bereq.uired. . . ; . • . .; i 

. Tfie^ ventilation of tunoi^ls and mines. 'wilh> com:paratively ligh^ 
overbu|:den can sometimes be very greafly improved by. diriving a 
large wfU drill holQ ^;( inches in diameter from. the surf^efp the 
woj^);ing, and, wh^n necessaryi installing ^n air or steam ie^ in the 
casmg of the six-i^ch bole, ixk such a way astoi su^k the uuaep out 
of the tjunnel or mine. Very good resuks have^beem obtf^inedby thiis 
means at comparatively low cost. 

In mining, ,the blast holes are usually not fifed together 4$: in 
.qua^rying^ but in rotation, the 9S>ace made. by. the blowing 0u( f4 
the material from one hole fuffiishingig £r^ lac^ i^r (heioexthfQlej:p 
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blow into. The ^ikii 6i &kot4 hi' ^ofiitfofi ia^b^&Hy accomplished by 
uttng,.bIit8ttBg' caps, and foter the £ufife being cut^qf vHin/ing Unisths, 
the ahovte«tfi*se being Jn.tl^e <chtrg& desilred tio fine.. ficsiv< the 'ftAaac 
l«n^i: it) tbe^neHt liiid so 'eni> The. disad vantage of dkia inafcthod 'is 
that when there are a number of holes to : be fired lii one! ttinc^ ehsat 
is at one operation^ ^he blastes is liable to. become kuzned^inlii^tiing 
the fuse and may fail to^lighc^one ormooa-fuses^ in^hichrcat^e- iflie 
ieniire continuity of th^. s^h^mfi.b lipset^ the hole& itia3r'fail.A0i bceak 
properly. and unexploded dyaaimttemay be thrown x>iit. into the mine. 

Delay' Electric Ignlters.fT^A jtiore nidderti pracHce' i^ ^ use 
Deliy Electric Igniters, which come iii lengths of from tWo to twleve 
inchfes affording -six different t>eriodi. When these^ iire pFacfe'd in 
the priming charges a^ described 6n page 36 and ire c^ohnectecf ih 
series as in the caseibf otdlnary electric blasting caps stnd'fired'ctther^y 
blasting machine or light circuit, every chargd is ignited abd every 
charge fired In' the order desired. There is much lesi; ^moke( from 
the burning fuse, the charges 'irt ebnfined b^tteri and* the shot 
flrer is in a safe place at ^e'time the blast ik made. ' • « 

tor $haft sinking and tunnel driving and drifting, DeTdy £l?ctric 
Igniters' used in conjunction with instantaneous electric ; blasting 
caps ai^e very effecthre, particularly in, shaft sinkin^^ as it iS very 
desirable that the shot firer should, be out of the^shaft at the tiitie 
the connections are made.' ' With cap and fuse his life depends on 
the'hoisting apparatus not failing aftbr he lighted the fuses. 

In driving small drifts or tunnels where not ipore ,than three 
periods of delaj^,are requiredj. Delay Electric Blastirig^Caps are very 
effective and aire spniewhat more convenient than^elay Elecfric 
Jg;niters. , Ordinary electric Iplasting^ caps are placed iii. the cijt^hoTes. 
These are fired first so tha^ there .is no doubt about the cut being 
blown put. In such cases jthe ordinary electric blastii^g cap's are useq 
to prime the cijt holes, First Delay Electric Blasting Caps are used 
ih ttie relief. holes, and Second' pday Electric Blasting Caps in the 
rib, roof and "lifters." These Delay Electric Blasting Caps are 
quite water^proof and require no preparauon fpr wet bore holes. 

Taikiping* — Firing untaniped hote& is e^ttfavas^nt and iexpetr- 
«l^re, for any explosive wil^db itii bfest Wol'k whcJn 'strdnfely confine*). 
In (M^inary bora hole bfa^ting when the charges afehot ttftiiped, the 
firsCf and possibly the 'second, cartridge neatest the mouth ofthb 
hdle dbes no us^f^il work, but' merely blpws out. It hatf be^n found 
bv innumerable experiments and tests that where the bote holefr ate 
damped tip solidly with moist sand, loam, clay, or other tirtinflam- 
mable' material, better es^ecution is obtained with* materially less 
weight of Explosive. Not dnly is the actual wdrk done by the dyna*- 
mite much more bffdctiv(g, but the stronger an explosive is <i^rifmed, 
the 4ftok<e complete is ita detonation, and the better are <the finises, 
in cktee, badly ventilated Work the use of tamping, either- in tampiirg 
bags or otherwise, will be found to make a marked difference in the 
character of the fiimds. In mining work, effective tamping can usu- 
ally be depended' upori ta save at least<one^ and<'sohieti«nes more, 
^nlridgesof dynamftefoFeafeh.boteholfc. ' •■ ' ' 



xnicft. ' Stotl^ilooie,, tbaqi pdntdea oCmckfrom the muck pile dc 
jnot'in^P KQOid litentmiiBg or .tiiBpint mito-ial and there ia danger 
■*>( c)i*;-ibaip"paFikle«. tutting through tht fuse or electric wirt% 
.C^Hviag mitfiret^. The^ianipinB.ba^ can baicwilr anil qnlcUy filUid 
.wnh..«(Kid eanh .or .dawMiutonal outiide the mipound i«nt in 
whH. tpft ^ynaiDkcatWcliitgiiiitoe,' tlkit«p««<tiiiK<up the'itniie'iMM- 
sumcd in loading the bore holes and securing better exeoUlMi land 
■tronger confinemeai.9f,^llB dynamite... Theimse M-particularly 
benchciai in toadijig uppers, wbich are diEEcult to fwnp satisfactorily 




, . , pLAK ... 

^. l4S.— TlmB' sksicbe) 
a tnan^, or OrBl, vheti the e 
nndKcut metbcHl ind fj>UD|irs 
' i! ta the oiiei 



) lUd'fiiee nethod 



lent of IicIm la fbe 
ideicuttht cmX 1 



. mbered kbA blow ant the bctttom, flina undet- 

eattintaie bient. Hotel 4. S ufi Sue fired next, ud then halnT, Sands). 
In >mlll drifts, gr In io(t, eeiy-bisiUnc lock, holes 4 uid 7 nuy 6ftea b» US- 

peued with 

Tunilel' *aA Orlfta.'n-In diivias tmmdi and drifts in imk- 
-ing, .Mbnajr, caiiat,'aBd sewer rone ttucdoa, gopher hotU for blaHS 
<and railroid wodt thehonl hbln may be drilled either by hand or by 
powM-drilla.. AjidciUi ace luiially preferred en acDcnint oftha giiod 
■tntilalicia prod ucoJ'hy -the ciha listing air. Forihc heading^ pinon 
^rilTs moiHuedon columns «r posts ftrc ganetally- used, whik in lange 
tuluelt--oB benching work behind' the [heading, hannnir or tripod 
dnUiaK prefttrablBi, Haad^riUiag isofdin«rily'niota ex|>«niiT« afid 
iloim than machiiiM^ oltbquiih in tome ttry •maU liuinds, suchsls 
(OptMi bdlra ibf blast^ itb ^moit inperanTe. Oownward slanting 
holM ate mon, Monolnib*! of dnlQuin t«th hetause the weight o{«ht 
drUI.Ksts.againat die bsttani'ind becauac the water. «aed latmoitts 
the hole and. drill. ' "' ' ' 'i' 

,:. AiMnplctejdund of ibon holes is gcberally drilled befbie: loading 
laod faong M.thatthoitptiK tnnnrfiiaca'orhesdar it bcitkcB out widw 



&IL depth, of the Mki m ona Uaatimt opnsiioii, leaving tfw tww f^ce 
jtfuHTed^br the next round.' The hbte« an M pointtdanA arran^d 
with ce^aid lo spacing that when they ire irei in ralinon -or Beriei 
ai ratatioos, each preceding hole or viies of holes rtliet«« -th«~ bur- 
den from >|ie next, eivlD^ la free face for ea^ hole to break into, 
«nd.t>reTanting "boot loepngf" "hlowing oiF the tolUr" dr " j>oetitig 
called; with a consequent Haste of dynamite 





a tack, Mm 1, 



He. IW.— Shoirlu Duthod appllci' 
hdlai «&«& huid diillbg. ud uf uid 1 
•le drilled, then fliMi m «du m oui 
c»ltT, >■ shown St tlu Ilthl in the n 
thsa diillad sad bad, taklsf ont Ow c 
cofoet pi Ih* McUon. Holis T tild I 
txDis-uichsd Ilea. Sometinus bo''* 
el Ou tunnsl and dTsii a'bilar tUM. 
4riltsd at tlu IwCtDD betwBMi T an/B, 
IKk, dUs 4 can oflea ta omltMd. and 
^ a, I l^d 8 will ba iiiAdut W blast 

The cut holes, or holes which are usually drilled ai in acute 
-aacle to the' face and anangedta blbw oUf «i ooile or liedge ihapcd 
cavity-in ik cestoT' of the tunnel breait, irm fifed first; ^leie are 
fbUowedby thc'ielief holes, which an' drilled so as to break into and 
jeoUrge tttcicivity; after the relief hotel,: oome the rib botM^ fbl- 
iowid by ihc' top or. roof holes and the liftnrs, which trim and iquaK 
Iff the aidesi top and floor of the tunnd.- In very tou|4> rock that 
IS. hard'io baeak and in tunneli of latfe trosi section, several teties 
ofrdief holes ate often necestsary, while in iihallenunneta and easy 
Iftrtalung rock they may be entirely dispensed with, at the rib, nof 
•nd lifter holes wUl break through into the cavity mide by th* cut 
bnles. The depth and diatnoeer of the bore holes, kind and trade of 
AjO»mut Used,, and the method. of iring are also tov^niing fattolt 
in the number and direction of pointing of the boreliolea in a nlund. 

In hand dnlliht, the holes are seldomlargtr than IH inchei in 
-liaawMf at .deeper ibao four foeti-and fttqaenilj' only pin of « 
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-iVMutd jofbola* vt^iiHcdiand^GtrKt «c <*■» time oal acconn* or the 
'riomiMa-iia driUini the.MesMHl ibegeiMral ptaotUe of firing at 
kIm' end of etch cfaiAi, The cut hates and the att^vti rdief or t^ 
rht^a.k[«'iintaUy,^il|edj«nd fimd.iir^ Thit'i^iK'i Uflvat the fac«i*n 
shape CO that better locations and diraction of pointing for the tuc- 
cceaing holes may be secured. 

When machine driUiiiK istised, the entice round is drjtled before 
any firing is. done, for it is not economical practice to take dotrnland 
femove th« machbq to fite an incomplete round. The holes are 
generally fcOm six t<t eight feet^eepand fronr lyi"to 1% iocbfs in 




mgj— In sinking ^Hfts, We)l«, fbimdation pits', aA4 
other wodc of this character in rock, much thi same prhidples apply 
;ai'iB mmeling. ''Pnn:tically~a]| ofchc bore boles aue iiovn boles, ani) 
-ilpORer drilling isidnstE^ a.hamnel itriHiDc chpod diU gives iooA 
.fcwdta,<altbbu8h a cdiunn roounteddriU may be iisaJ. 'At a Kcnetal 
nilcj more dynamite and a larger number of holes ars Tequiiad in 
ika^nnkinc than in tunnriiHork undetj «i|ualr«««di<iOH. . This is 
lutdy'^tievtiMe ibe.tack mutt be lifted. vectically ant) t\» blwnd 
"mluk" ftOM oae kola [ills>^Rek on topi of etck »|ic<:ee4ing;'hola, 
-RHiMiM greater twncr to petiorni the double. dutji of lirtinfeibQth 
iuDvnWdm^iiMpw«f^lb4d«bn*<fiMfct]W!pWMdiwlJM)k> 
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In wet' worky some bf five l>ore h6ltstonidife bid« «r'iti one leotiMr 
^are 'Usually bored 'deep«r- in <)rder^o'lYaye'>a smstl('jdt|irecsi€Mt m 
sump in which- the water can collect- and> be drawn 'ofF b^'t^pintfip 
'fiuetibn or bailed out^ thiis keeping tk6 lander |ioiltion of the bottom | 
free from water. 
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Fig. 148. — A complete rotuid oi bore holes in • large shaft hi hard rock, in 
which tb.e use of Electric Blasting Caps in the cut holes and Delay Blectric 
Imiters of Tsrving delays in the omer holes, all connected on the same dreuit. 
will give excellent results. The cut holes numbered 1 ure primed with Instaia- 
taneous Blectric Blasting Gaps, and fire first The reaef holes numbered 2» 
primed with First Helay BIcMCtrie Igniters^ fire next These are followed by 
the rib or trimming holes immbered 3, which are fired with Second Delnj 
Igniters. The comer holes numbered 4 fire last, as 'they are primed with 
fiiird Delay Igniters 

Stoping«— In the underground etoping out of large ore bodies, 
the usual practice is to drive a tunnel, drift or raise to tap^ the ore 
body.. ;^t' tiie^4pp^^,P<^t and then^ work Mpwai:d« J^y doing ^his» 
the oceisiiandk^'inoffe ohfaplyyiaa.it is blasted down liycatKutes or 
oil pi«^ed^hd^Ming fflatforms, thus r^ucittgHit' hi^r'teqiriitMl. 
Tj^he 'dfiUirig may. he done by hahd'qr by a speciSly develppgaifigBt 
tau: drill called a ''stoper." In many cases.the hcAet^zok driIlM at 
random in- adyarijta^eou«j)hices» no parti^ddldf sysvem being:- foil|pWetl, 
and. ixi other nuhe^. a raise or header is driven in advance and j^ 
ore blaatCMl down in « series of upside down benchet or stairsteps. 
Thd'dtiying of a raise does not 4xi»tertaily diflfei'-ffOM-ordiiteiy •trtn^ 
nel driving, except that practically all holes are uppers, and timber^ 
jHig inUst £e d^ behiiid'.«o th;it th« Iniaon «aft 'Wrei^omMhi^g to 
.stfMid .upon while workings * . ^i- " . .  

' I As .neiaiiy < all .bore wholes, in stopingi are mppen^ the us* «f '.tamping 
bags ifl' doing' the tamping will piroye a gmt/a^antiagdi t Thei edi- 
' plosives, u^d in this class of wotk are. the same* as liiaed iiil> ordiinry 
mining work. >•..»■ . .'. t 

• 111 another iorm of{ scoping- sometimer'tfracticed^whe^e'tho^ 
occurs rH*h<iFizontal sheets of'^arying^thickness-a header' ts^^driveh 
in dnto^ of the ore strata after mudh' th* saiWe manMerias id 'large 
^unhels. The balance of Hie horiaontal sheet is lifted up ^ snakt- 

iling undcv'the bmich wkh heavy chargss 4n«ptruiigihbtesj • '•" ' i 



' '.'."'''['.".' COAL/MINING '■  

I Practically all coal mining done at the present time iBvatvei the 

Mat of' eithsE-Uaatiae .powder oF'Peimisnble Ezpldiives. Blasting 
pAwddt.hu ttieadvantaeeoC xlon itu6ai c(Mt,.aiu its usbis famiJlUr 
tcijninen KtithaD their knon 'hen n place the.boiw hole* to betC' 
ad^anlaEW il>^ by.pnipei icltctianioF' (-raiir theyican break-the.iciHlI ' 
in 4ud) ft \t»y as co got tbo manimuin of desirable aizei 

Except for cokmg coat it is usually dcnreil to gef 'as miKh-of It 
in large liunpi as posithle Where mflamttiaUe miHtuKS of dun gM 
and air are preNntj the use of blainng powder is extremely haiard 
out as tfab igiHtu>n of local pockets of gaa or d«it in>y bnng on a 
genoul (nspkuidn throufihout the entire miiie The conbiant otxup- 
rence of m ne tires caused by blasts with blaitingpowderiss bourc* 
oTcreat cKpentearid considerable danger 
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-' WheUsc of PttniisiibleiEitplMsVc* in t!he maittiec deioibed hy 
tb'R Sj:Bui«au of Mines. dlnuMCTendralyeliminBteat&e'imsiibilitiii 
of apiition of gMlordust, ,. PcimiesiUe -Exf^ives are short flame eir< 
dotmi which' hkve itassed certain «itB in the laboratories of the 
BuceanioriMines and nhicb when properly loaded^ exploded iqrith a: 
sMndanl scrcnetb^ 'detoBator, and .when hcJ isi quantities not'Oi-! 
ceeding 4ine and one-baif. poimds pa; boi«h(^ and pcopedj; tamped: 
with a suitable tamping material have the least 'possible kkeUhood' 
<^-feHi ling, gas or.duBt, ,;,.-(>■.,. ',•,,. '. 

< Peraiistible.ExploiaMS.Eeqaire a.Htcle diffeccnt pointinB of. the 
hordlralcs fwn thJase in which Hlasiiog powdei ia uied^ bi/t wiih'B; 
liHltiiax*«ri«nee tbo direction iseastlq' learned andrdia! proper qilanr 
tity of explosive fia da die'WOck deaircd is leadily detQPinined. ' - 

^'PenAiMiblc^xplosiveSjmay.be diriihdi loiBhly iiito tiht-tiiisats 
— WH.'Vliiahiiype is Caiifaonite, reMstiinaur vcay >wsll,'>but makaii 
nnn'Mi|ote:d^ Ewn^S than.thri ochtr. Theodier qrp*^ iW. wfakfai 
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the Monobels are examples, does not withstand water as v^ell, but 
is much stronger in its actiQiu:|Bd^ Kpcs, 9f ^uch less offensive smoke 
and fumes. Both are permissible when used under conditions men- 
tioiited -abcrv«* .;'•••' ^ .. '• .^.•". '. • • • -•« '!■' 

. The* most serious accidents in l>itttmhious coal (miiiies aire- du« to 
explosbns of minegas.tyr cotsd^tdiist >6r mixtures of ^bo^ whiah' aM<e 
started by the ihinie > from thi! explosives used in blasting thtfcoal, 
Oareful stady and tescs have- p>rDT«d that mine iga^ ind* coal du^ 
can be ignited more easily by "sonie: blasting explo6ive»' ttiaki by 
others iswi that krge -chafes of any expbsives ace more ^Hktky^ to 
ignite mine gaA : and icoal duflt ' thao: smallec . ones. Charges of. €Xf 
iSosiyfis.inribore holes which ai^iWell'iasaped from the chavgie to thtt 
cellar wiiih>j dump < d^y . are . less> likely to' . ignitje. gas . and dtkst chao 
cbftrges which are. earn pad* only with "bug duat/' slack cdaj^ or ivfaea. 
tamped tnsu|iciisnt)ly..with;.any;mat3&Kikl. : ^ , 

Shots which are msufiiciently ft^mp^d or tamped with " hug dust^'' 
coal slack or similar combustible niaterialy are exceedingly danger- 
ous, 'owing to the chance of the flame igniting the coal dust. Moist clay 
should be used and it should fill the bore hole from charge to mouth. 

TlMupi«acti^ of ^placing the pnoofiL cartridge, with cap and a 
short' j^ece of fuse attached, in the mouth of the bore hole, lighting 
the fuse, ramming the cartridge down into the bore hole with little 
or no tamping, ts exceedingly dangerous, both from the fact that the 
charge is tiot si^fficiently tamped and because the short fuse is iiable 
to bum through and explode the ^ shot before the miner can reach a 
safe f;AaLGBi,C Xhis practice is sometimes called short fusing or " skin- 
'em-back." 

It is of the utmost importance that the strongest detopators 
(blasting caps or electric blasting caps) should be used with ' Per- 
missible Explosives; they are less likely to cause ignition of gas or 
dust when detohat^ed completely. Weaker detonators and detonators 
^]bicji,have become dpip^pften i^ite ^e.explpsives^apdsetctliem^n 
fire, instead, of explbjdii^g .mi% and chk tnyariably igmtes mine gas,f 
if any is present, and may cause a more or less tHsattroitt fi#e or' 
explosion. 

. The pu Pont Permissible :£xpto8i^es ire made expressly for blast- 
ing «oal in' m^^^'where >gas' or dust may be* present* Thcyi are dadt 
in senreral varieties, each' one -adapted <fbri a panicular -kind-'oftooaL 
The most satisfactory: kind for any one' place can only be determined 
byilexpettcitce. They are designed for soft cosLl, niediuiti tooal and. 
hafd ooal and for day and» wet work^ Some of thiem' ice todiade 
tfattt they will opt freeze unless exposed to very severe ;wea«heF dm** 
dittons lor ailong time.> ; .' ! 1 .. ' ' 

Permissible Explosives require a blasting cap or electri6' blasting 
cat> to (ikcbnatc timn. They cannot' be exploded with fuseior 9(;|bib 
aloAe.v. A Noi'6 Blasting Cap or'Electrie Blasting Cap'Sb^ddbe 
used' fo explode: them, as they ate not passed by thto Gov«minaitias' 
Permissible Explosivels if a weaker detOnater is osedi, 

T;^ different lands of Permissible £xplosfves'miist>fiOtb6{]feed 

tlvs: saide bore . kvle : and ' neither Blastniig Powder nor ^ d^amite* 

iievcr beused>ihthe>8ameb6ve hbleivith Ptomiisiible fixpAssivcsii 



CLAYNMINIBBP m: 

' Jf ringiJPf cimtwUiit Ihsttgrnyta byxeleiitkic Masting caps fs far* barfw 
iiircfil Qftdiifct <h$A firipg.-by means aof bksiiing caip and fuse, fia 
eleccfical ifiriog a Du Pont Bl]^stiag:Macbtne^ coil of leading wire and 
I>U PooiK Nq*.6 £lectric61»st;lR|{ Caps shoald be closed. Two ormort' 
bore holes may be fired at the same time,.aad.irthey ate too far apiart' 
for the wires from the electric blasting caps to join each other, it is 
necessary to have connecting wire between the* bore holes; 

Mining Flint Clays. — ^The underground mining of siliceous 
fire clays is practiced much as is coal snifiingy Using the pillar and 
room. i;nethod. The entry. beiAg established, th^ rooms should be 
only as' wfde as tliejnatuie of the. roof wiH stand. The pillars sho^d 
b« wide and idr keeping with the wei^t they must bestr. 

•TlkiC'^ys occtir in a. Variety hi ways. They may overlie -softer 
day or niay be covered With more ot less' coal. When the height of 
the coal is sufficient to make the operation pay, it sliould be mined 
oflF first. If not care must be takeanot %o get the coal^mixed into 
the clay. When this is done for some distance the dayman be lifted 
by slab shots loaded in deep and nearly "istTllolev^ Th^.tBUgAuA 
has the additional advantage of getting the coal and waste out of 
the way before the day is disturbe4,and.ijeduces the danger of mix- 
ing objectionable matter whK the &i^, ' 

, WheA the ^f; d?y is f^lj&^omt Wght#, and .Ui^ ^^mtjfi a 
aualjjtjr ^ wnj?> the soft materisU shovld Jrst beimimed'OMt.: .WItfft 
this is dottCf the bard ?Iay.is,<shpt down by mefn|5,^ fbft holrtSi. « .,<' 
V F/9f "{>reaking-m** ,9r "i^it'- ijhpts in .Qpeping ^ a ihf^ador or 
breaft^ fi var|piy of methods, are ^mploy^-. The.,beM «4Mantftgfi 
sboul^ ^i^^ays pe takepto(.aJl ^ps or fai^l,ts» ^M^ny pfef^r a Mvtd^ 
breaking-in shot, such as is represented in Fig* 150j whilo ^s^ixif^ 
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fig. ISO.— J^ Much tTsed *<Bte«kiii|;-^" 
allot Th« holes are bored, loaded 
and flred in order numbered 




espedally where the day is hard to breaks prefer to load .two* holes 
pmntiilg togjether instegd of the sin#e shot at ''^l.'' For someeiiyis 
decided viiiacidna' fnHn.iihesci ^ rabdhods am tequirad. tor sukxitfac 
peculiarity of the grouild^. i .' ••'}".. 
' The nb«and daifa shots, are usually dialled to the faU depth- of 
the "cut" ©r "break-in/* and. carry a burden of ab6ut 3 to i fojsti 
' The parting at 'top and bottom isrusiiaUy so good tfeit lifters and 
back shots* are OBot required. . ; . >.. ^ 

The shooting' of flint day requires irauch care, as ittLs Ukcly'to 
be broken so .finci^fthat the loss as waste reduces the; output- 6f the 

mine. • * r • 

Formerly all fliflt d«y was niJne^ ^h blasting ^Mt\^h\kVt\i\% 
is beirig refyfacfcd by 20 to 40% Red Crbss Dynamite. For aretfuctiort 
df the'troubte'fr6Hif*£am«s;' th^ usfc of Monofeel-No. Us to^'feeofll* 
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nMUded' This is a- pedmsable bcplbsive^dpecfeiliy prapar<^^4br h&rd 
underground, work, and bresdos • down the'trotind m bettw lump 
doiidkion tban do quic]|»r^ctftig coqikttiyes. ' Thie uM '<if'electm 
blasting caps is soongly recommendo^' ^'^tbey are thor^ in oi-d^r 
with the "safety -fine'' ridea.. 
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F%. ,151.— A Good, M«tiH>4 6i Jxmd- 
i&lt tie "Rr^ak^&i"' In Higb Clay. Thto 
ihnta laM . bored and md la ovdear aa 
numbed. .. FfeaaeaUy. eitii^ a« p, 5 
or 6 ^aii 1^ omitted 
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^Quarrying; may b«j p6agh!y divided Into two kinds^—t^hrthet the 
Ukaterial hioved is to be used fdr dimensioh stone or -^^eth^r it is to 
be crushed^ for road bunding, ftuxing stone or othef purposes. In 
the former case It rs >not desirable to ^hkttei' the stone, hehce, 
it must^bife broiight'downin atf harg6 piccj?» asf is feasible; fBl^sting 
PlCMirder of'tht correct gi^nulatJon to giv^ the efFeift desired is the 
most satisfactory in thili work: • i » • « 

For crushing and fluxing, the stone should be well broken up 
¥^k:H>ts''iisuadfy accompHshe4;by the use of high explosives in any 
or the four general methods pf cgrpring on, quarry/n^^qperation^^ 
benching, sna'keholing, w^ll dnlling.and tunnejing or gbpn^c ;h6iing» 

' Blinensioii ^one.-^For quarrying dimension stone high ex- 
pb5iyean4|ce^alq^tjQe,Yfir.usei3, as they are liable to start invisible 
cracks and seams in what appears to be a perfectly sound block. 
Blasting Powder of rather fine granulation is used for starting cracks 
arid (Seams in the dir^fcetipadesited by firing charges: in elovely spaced* 
hoLb.m;which a rather large aSr cusbion is purposely* lefti For in^ 
sttmoe^ in a twenty foot bo^e hole there 'might be>loaded eight feet 
of blasting powder, and a piece of rope,* baggings' of- the ^ kike is 
^iaded in the bore hole eight fcie« 'from the top mk then* tamping as 
dgktiy as posnble on top of that. : Foi* breaking >blotksiDf draierision 
Mone loose from their beddings' a ifine ghiined blasting' powder is 
poured into the crack made by the plug and feather >mcdhoa> and by 
vepeatiid firing of very kmaU ^charges only a ftW ouncet dt a time, 
the block can- be moved out so chat it can be 'kiindled. >. 

.Bmcimit^T-la thi^ method, the face.pf tbfi q«?iri^r,is,.^ij^ied 
fi^iiwaid . in a . series ^ benchea ^rpBrespondsng. someiflhiat t^ ,ai;aif r st«pi 
Q«<a Mrdle Acalei Tk^ sic<«^'^re not al^ayg,i^i4a«,tb4t yaiy^.^lh 
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the ihiokocM of tht. nrata vr Mgw and looation of advapugeouf 
bedding itanu. Th«y generally average around U to 16 £eet in 
faeisht, though 20 feet is frequently met withi 

Mott of tbc diilling is done with tripod drills run by steam or 
compreBied air,. though for the shiJlower holes of fcorn 6 to 10 fee( 
the jackhammer type of dril! is gaining in pt^ulniity. The holes ate 
ctriUed straight downward Mid. along a line about 3 to 10 feet bacL 
fiom the face and tpaced generally from 6 u> 10 feet apart. Owing 
to the small diameter of the holes, from 1^ to lyi inchea, at thf 
bottom, it is frequently neceisary to spring the holes to that more 
explosive can be [rfaced in the bottom. This is especially true in 
haid rock, or where tbe seams pitch downward into liie face, i^tgad 
of umvard or on a level, Anther may, trhere the rock will nof 
ttand BpringiQg it to space the hoits closer together, ot to drill dt: 
vergent holes from one let up of the drill. 

The holes are usually loaded at least half full of explosive of the 
typ« best adapted for the particular rock and'Jegroe of' shattering 
desired. Where the rock is not vetj hard, such aa medium limeitona 
and a minimum of ipatrisorfinemateriil ii desired Ked Cross Extra 
Dynamite in 25 to 30% strength or Arctic No. 6 is satisfactmy, but 
where the rock is somewhat harder and finer shattering is wantod 
Du Pont Quarry Powde^ or Red Croaa Extra or Straight of 40% 
or sttoneer is better. 

The noles are well tamped and fired simultaneously by electric 
blasting caps. 



Fl(. 152.— Lcadini th* bolei la  v^ny where 

SnakeJioliTift. — This method finds much favor in hard masjivt 
irregular formations having no particular lilies of stratification or 
cleavage, and where the face is under 60 feet in height. - 

The holes are drilled with tripod drills almost' horizontally, bat 
niih a slight downward dip straight in under thq toe of the .face, 
starting about two feet above the quarry floor and allowing enough 
Hip to bring the point of the hole on a level with the floor. - They 
are generally drilled from 25 to 30 feet deep and spaced. from S to 
10 feet apart. Id order to accommodate enough cKplorive to blan 
down the eotite face at one chot, these holes are aimoit alw^s spruab 



five or 
mite in each sprin^nK shot, ao that from 1(K) to 301) poundi o( dynae 
mite, depending upon the burden above, can be loadsd in the Etack 
of each hole, kaving practically the entire ihank of 'the hole for 
tamping. In lome cases the cattridges ate loaded through B tin 
tube, and in others by means of a lon^ bamboo pote. 

In mediiim rock and where a nHmmum of spawls ii desired, 
iptinging with Red Crois Straight 40% and loading-with Red Cron , 
Extra 40% will give good results. Where harder rock is worked 
and where more shattering is wanted JO%^Straight for springiiig 
with 40% Red Cross Straight or Red Cross Gelatin 40% for loadiii« 
will be more satisfkctorY. For the extitmety hard rocks of the 
granite and trap types- it is sometimes necessary to use 60% Stntglit 
tit 60% Reel Cross Gelatin. The charges should always be fired 
together by electric blasting caps. 

Well Drill Hole*. — A later method of quarrying iwd one that 
is rapidly gaining in favor i) nheie the face ia kept vertical or nearly 
BO, the entire face bein^ blasted down at one time by meaitS of dees 
well drill holes. This is a very satisfactory wNy where the face U 
more than 2S feet high and where the rock is not so badly pitctung 
and cross seamed u to cause binding of the drill bit. 



Km. 1S3.— «howiaf a well dtU Mast tMdy ._ __^ .„ 
from the fice mna (Hituic« mpart of th« holn depaibd upon the 



It it better poller : 
.Vctilo btutlcf up 

that tho dfiuuiiUe li placad at tho haideit poitloi 



nB*_etoiMoJ)lutliif upahiMchhols. SoatMloMa 



iflTitUy fliled from two-thlids to ^ee-qiun«n 
'■" *— '- belns wall tamiml 

Vertical holes of large diameter, from 4 to 6 inches, are drilted 
along a Hne back from and parallel to the (ult depth of the .(at* or a 
few feet below the floor level where there il not a' good parting or 
deavage Kne ar that point. In lofur mateiial and-the riMllMver 
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feces ^th6 4 t6 4^ iiich hde'fe more tiied, while m fiird roA ^tii 
higher faces' the SH itich hol6'gives^ better reSuhs. The diitince 
hack from the face or harden on the fine 6f holes and the spacin|^ 
ap^rt vary witff the depth t)f the hole&and hardness of the hiaterial. 
A general trvei»a^e is somewhat aS' follows: • ' 

Holes ^p to 40 feet deep, burden iS feet,' and spacing' 12 feet; 
Holes '4J0 to 50 feet (J^ep, burden 18 feet, and. spacing, 14 feet; 
Holes 50 to 90 feet, burden 20 fefet, and spacing 16 feet to 1^ feet* 
Holes over 90 feet deep^ burden 25 feet, and spacing 20 feet.'*' 
A second line of holes is sometime^ drilled back of the first and 
both fired toigether. ' . 

,.. It is often the ca^ that the face .capnot1>e kejpt vertical^ and there 
is an. extra Heavy, burden on, the bottoms of the bdes 4^e to an out!- 
sloping toe. In thi$ type qf wp;rk it is sometimes ,necessary to spring 
the bottoms of the holes iq order to concentrate enough explosive at 
the point where, the burden is heaviest. Another w^y is to drill a 
number of saake boles into the heaviest portion of the toe and fire 
them at the same time with the well drill holes, thus relieving, the 
burden at this point. • / 

No^ definite amount of explosive per hole can be given because 
conditions vary so m^ch, hut many good quarrymen figure the 
cubic yards and tons ojT stone in the blast and then loM at the rate 
of one pound of explosiYe to 4 to 6 tons ^f stone. In deep holes the 
loading is sometimes. broken, thajt is 15 to 20. feet of explosive, then 
10 or 15 feet of tampi^j^ t^enmore explosivevfcUowed by tamping 
and so on'iihtil the hole is loaded. In broken loading the charges of 
^lofeiv^*sh(:fu|d be' placed at difFcfent levels in the diflrerent holes,. 
iha at advantageous points where the *r6ck is hardest ^nd more' 
free from cracks and seams. At least two electric blasting caps 
should be containdd in each charge. For th^ manner of loading' see 
paJKei64. i ■,' r  . • •• .••■'••... i .♦ -i 

1 The kind of expkssive to use is in keeping with, the character ^of^ 
the- lodk and the- degree of -shattering desiredi. . As the^lheavtes^ but*'.* 
den is at the bo«t0m of the hde, a strongef dyriimite is usually. 
Ipadodiin the- bottom and topped off withi a lower. strength. In^et< 
holeS) a -gelatin >dynimite should bb used. /• 

. In hard days and shales, Red Cross. Extra 20. to 30% in the bot« 
torn' with! Dul Pont R. R. P/on top will.^e goodresidbs. . In medioni' 
rock, such as i^e sofder limestone, 40 to ^50% Sttfai^ht Dynamite 
topped off with 30 to 40% Red Cross Extra,* andii£or harder cock 
50 to 60% Straight with Red pr^s^^Ex^^pr Straight of 40% strength 
on top does good execution.' r or' tlie vety hard granites Red Cross 
Gelatin of Du Pont Straight 60% may be riedcfssary. " Arctit Powder 
Nos. 5 and 6 and Moi|ob5No. I are largely used for the toj) loading ' 
lit rtiedium hard rock, ' ' ' 

The holes ate alWays fired by electric blasting cap$ (sejGl.page 19y 
or by means of Cordeau (see page 24). < r . 

Tunneling, or . Gopher IJoliiig.^— TMs method' is practicaf 
for faces between 80 and 150^ feet in height, and consis'ts in driving 
a small tuhnel 6f abOiit 3 feet by 4 feet ih cross section horizontally 
40 tb SO feet int© the face and several feet abov« the Quarry ffodr irf' 
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ludct to take fdvatitaga of the und«^reBk:_of the blast. .Crpas cut* 
of. varying lengths ue jmerally run at right angle* to. the main 
tunnel, thuc .formii^g a T, and tbe .explosives loaded into offset* or 
recesses made at intervals along the.qrms of the T uid jn [h« 'fit, 

These tunnels can be driven by means of jackluMniiKr dalli^ 
sniall column diiUs, or by hand drilling in the same manner as it 
described under "Tunnels and Drifts" on page 105. As chey. are 
tmaller. the depth of the drill holes and the nujnber of holes per 
round are less than foi larger size tunnels. , ^ I 

The cross cuts branch olT from the main leg at intervals tanging 
from 20 to 40 feet and the recesses for the explosive unit's are ^ener-. ' 
ally 15 to 25 feet apart along the cross cuts, depending upon the 
hardness of the rock, burden to lift, and the degree of fragmentation 
desired. These recesses should be of just sufficient size to accotir' 
(hodate lihe charge without leaving too much air space.' 



Fi(.lM.— SliowinitttePtMixidSlgnlllaiKifaTiuuulBlut. Tha dattad 
tbi* (Dom (pproilnute lins of bisakmi. See Y\%. 83, paga eTi 'or .matbod'of 

The amount of explosive per unit variei with the burden. and 
may be anywhere from several hundred to several thousand pounib, 
but as X general aveiage froni<5 to 7 tons of done, are calculated per 
pound of explosive. The explosives used ire either :Black Blasting 
Powder or Du.Pont R. R. P. in rambination with 40% itrai^ ' 
dynamite. - A proportion, largely followed is four-fifths of .Bliccing 
Powder or Du Pont R. R. P. and one-&fth of Dynamite, althmieh 
many blasters use as low aiproportion of dynitnute at 1% of 'the , 
total charoe. Where finer fragmentation is desired, theiDs Ponr 
R. R. P. ahoilld.be'used with 50 to 60% Straight D^naniite. For 
metbodt^of loading see page65. ' - -. ' - i- 

STRIPPING 

Stripping consists in removmg any sort of worthless: or useleti 
material from the surface to expose the more valuable material under- 
neath, whether this is clay, shale, quarry rock, coal oi ore of apy 
kind. The material to be stripped may pe earth, gr. soil of vannng 
degrees of hardness, frozen ground, hardpan or, rock, of any kind M 
no value to the.opetatioa bemg undertaken- 

Where the material to be stripped. iaoigly easily dug soil of a few 

... ;„ .i,;„i,„.., ™„i„,: »„■ coMiomical, hut wtew-th* d^fg^ig 

.... irww .g looten;(he QBtma) i» 
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advised in much the same manner as in subsoilihg ^see page 91). 
Wliere only a-itldn 'layer of rkaird pan inteiferes with digging the'ex- 
]>lofiiv€ should be loaded in the la^er of hardpan; In frozen ground 
^tto holes may be sun^k vertically just through the frost, or. in nkainy 
instanees: better results ave obtained by flat holes, sometimes called 
^abitfhots, run,in'im0iediately against the under side of the frozen 
ci*ust. .-,,•.■■■ 

'«• Ib deeper strippiiiga vertical face is .carried in much the same 
miuiiier ais* a quarry iat^e* ., VeFtical holes are sunk almost as deep as 
the stripping by means of soil aiigers, churn drills, tripod drills^ o^ 
even, well drills, depending upon the facilities and the character of the 
materjaL ^ The work is much like quarry, practice except that the 
iXiaterial is usually softer, the low grades of dynamite are used, and 
not 'so much explosive is required. Red Cross Extra 20 to '30%, 
Du Pont R. R. P., Du Pont F, FF, and FfF, and Blastinjg Powde!' 
are the explosives most used. Where Blasting Powder and Du Pont 
R. R. P. are used the holes are sprung so as to accommodate the 
bulky explosive. ','."'' 

In many cases* snakeholing is , practiced in much the same dianher 
a^ in quarry work, and the bulky explosive made into rough paper 
cartridges or used in tamping bags so that it can be loacled into the 
s'phing hole. ' 

Owing to the Variable conditions encountered in stripping work, 
no specific rules as to the amount of explosive required and, the 
spacing oftHe holes can be given. Many blasters on new work use 
as a fotigh basi^ for the first shot the following, and then regulate 
thp balance of the work according to the first results. ' For'holes up 
to 7 feet deep, space apart and back from the face equal to ttie depth; 
for holes i to 20 feet deep, space apart and back 8 to 12 feet. Holes 
of 1)4 inches in diameter are generally loaded half full of explosive 
fbr the $rst trial shot. , '. 

OPEN PIT MINING 

, . ' . ' ' ' . '• • • . . 

This consists in simply quarrying out the valuable material 

wheth^ it be clay, shale, coal, iron ore or other minerals after the 
waste material has been stripped off. The practices followed in 
ord^hary quarry methods (page 112) arc also eminently suited for 
this work. . ... 

One modification of the tunnel method is sometimes used in 
that a gopher hole just large enough, for a man to work in is driven 
ihtb the face and the explosive loaded' liito th^ back end of an offset 
front this. It is then tamped and fired el^ctricajly the same as any 
tunnel blast. . . , 

.^The explosive, to select for the work depencis upon the material 
mined and the naethod of quarrying. In jgeneral the same selections 
as noted in ordinary quarry work will be applicable. . For cUys and 
shales. Red Cross Extra 20 to 3.0%, or Red Cross Extra 40% in com- 
bin/ition Wjith Du Pont R.; R. P. or Blasting Powder in sprung holes 
c^ in well drill holes gives exceUent results. In iron ore, the ipost 
used explosive is Red Cross Extra 30 to ^5% strength,* while in open 
coal work blasting powder is the most economical. 



SUBM^I]^.9I.ASTING . ,^ 

Underwater work of' all sorts <is more : difficult than above vtrTttet 
work. .It is frequently impossible to see what is being done- and 
miidi' of the woik is necessarily done by feeliiig and' guess, and tbe 
te^ixise of practical judgriient. The water ^ho necessitatos > < very 
careful attention to. the detiils of water*prooffiig' all electrical c6itiiec- 
tions and primers. As the pressure is greater on all sides in this woik 
than in the open airi the actual work performed >by.the explosive -has 
to be greater than for similar oondition^ abo've water^ Henoe 'the 
bading must be heayier> to secure, the same effectual rfesulte. 

Deepening Harbors, and Chaiuiei^.-^lQ rock or very hard 
compacted saiid or clay, this .deepening process is very tedious and 
di£Bcult., It calls tor expensive machinery and outfits in t;Ke, w.ay of 
drill scows, dredges and barges. ' • , •. ' 

In some cases, charges of ^explosives placed on. the surface of the 
hard material will shatter it in somewhat the same manner as mud* 
capping boulders.' This is not economical of explosive for the aniount 
of work done. ^ . . ^ * 

Cofferdams, caissons or diving bells are so;hetiflies employed in 
dewatering the area, and then the material is drilled and blasted in 
the usual manner. "This is quite expensive and only feasible for 
comparatively small areas,^ but finds much applicapon in foundation 
V^'ork. of all kinds under water, 

^^ .'Another method is to erect platforms supported, on spuds and 
anchored so as to prevent movement in the water. The drilling 
and loading is done from the platform. 

for extended work of this kind, a scow or boat upon wKich the 
drilling equipment is mounted is anchored and steadied by means 
of spuds resting upon the bottom! Each boat carries froip one to 
four large piston drills, operated by steam or compressed, aifi mounted 
in standards somewhat like pile drivers along tne side of the boat. 
The standards can be moyed sideways bymeans of tracks and the 
drills raised and lowered in the standards. 

^ig. 155. — Showing Secttoa oi a Loading Tube for I/oadiag Holes tTiider Vater 




.y^OOO£Af TAMPiNG 5T/C/C CARTRIDGES 



The bore holes are usually from 2^ to 3J^ inches in diameter, and 
where sand» |;ravel or other material lies above the rock, a weighted 
pipe of sufficient diameter to accommodate the drHl bit with a cone- 
shaped header above the water surface is used. This serves as a 
guide in starting the hole and sinks down to the rock surface, thus 
keefpin^ loose debris out of the. bore hole. 

The work is usually carrield forward in the same manner as 1 
single tiench in quarry work, the holes being spaced apart and back 

'. m . . : . . 
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a distance. eqMa) to the depth of hole^ exc6|)t that holes are aeldom 
spaced f^irtker than six feet back by* six feet affarty tio matter >what» 
the depth. The pressure and resistance of the water precludes widei^, 
spacing, as the rock is not broken into small enough pieces for the 
diredges to handle easily. In most case^, the holes are drilled about 
two feet betow grade to insure thorough t>reaking to full grad^ 
depth; As soon as the hole is drilled to the proper depth, it is thor- 
dughly cleaned out by means of a jet of water, and immediately 
loaded. . , 

The loading is don^ by means of a loading tube,' which  consists 
of a tube of brass having a longitudinal slot on one side for the elec- 
tric blasting cap wires to slide in, and of a proper diameter to slide 
easily to the bottom of the bore hole. This tube is usually from 
two to six feet long and is screwed to a smaller piece of pipe of suf- 
ficient length to extend above the water surface. The dynamite, 
cartridges, of sufficient size to slide easily into the brass tube, are 
pushed up into the tube from the bottom in the same manner as 
loading a bore hole, the electric blasting cap v^ires bein^ earned out 
through the slit. The entire charge is loaded into the tiibe and held 
there by wedging the bottom cartridge With a wooden wedge. The 
tube is then lowered into the bottom of the hole. A long wooden 
rod or tamping stick is inserted through the pipe and the dynamite 
charge is held down while the tube is withdrawn. Where the hole 
is to be fired Immediately, a spring clip on the top cartridge is often 
tised to hold the dynamite in the hole, and where the hole is to be 
left for some time before firing, the clip is placed oh the bottom of 
the wooden rod. In this case the electric wires are tied to the top 
of the rod, the rod being left to indicate the location of the hole and 
alto to support the leading wires when several holes are fired together. 
In shallow waiter, a hne of holes are generally loaded, then fired' 
together, the boat being moved several hundred feet away from the 
blast, but in deeper water each hole is fired as soon as loaded, the' 
boat not being moved at all. 

The amount of explosive to use depends upon the depth of water, 
hardness of the material and depth of bore holes. As a general rule, 
from one to three pounds of dynamite is required per cubic yard ox, 
rock, the smaller amounts being used iii the more easily broken ma- 
terial and shallower water. Where the holes are to be fired im- 
mediately in shallow water, and more easily broken material, Red 
Cross Extra 50 to 60% can be used. In deeper watfsr, or harder 
material. Red Cross Gelatin or Du Pont Gelatin of 50 to 75%.stren|ith 
should be used, and in some cases of very hard material and diffi- 
cult conditions. Blasting Gelatin will be required. Water-proof 
Electric Blasting Caps of not less than No. 6, and preferably of Nou; 
8, size should 1^ used.. In deep wkter where the charges must be 
teft for some time. Submarine Electric Blasting Caps are better. 
In this case» also, the dynamite in sabmarine packing is more de- 
sirable. • 

There should be no bare joints of the electric wiring touching 
the water, for it is liable to cau^e misfires^. Care should b^ taken 
diat the ip$uUtion of the electric blasting cap wi|T^ is not; v^m ar> 
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cert through by th<B rubbing of th^ ^dges of the sibt in the loading 
tube while loading the hole. A little extra taping at this point is 
gobd policy. ' 

Blasting Wrecked Shlpis, — Frequent necessity arises for. the 
removal of sunken ships, barges, boats and other vessels which Have 
become a menace to navigation. Dynamite is the quickest and most 
effective agent for breakmg up and ridding the channels of these 
dangerous obstructions. 

Owing to the generally unfavorable conditipns and difficulties 
under which the work must be prosecuted the most propitious time 
must be selected and the work speedily done. Such, varying elements 
enter into a consideration of this subject that specific^ directions can- 
not be given. The height of tide, direction and velocity of wind, 
height of waves, character of bottom, age of wreck, kind of material 
in hull, and character of car^o must be considered. 

A thorough investig;ation by divers should be undeitaJkeb 
t6 ascertain the depth of water, how the wreck Ijes on the bot- 
tioni} whether, or not it is covered with sand or mud, fe^sibllit^^ of 
getting inside the hull and a survey of the most advantageous points 
for the location of the charges of dynamite. 

In some instances it i.s necessary to fire charges at different 
places around the hull to blast away the sand before an examination 
can be made. Again in many cases holes large eppugh l;o permit 
the entrance of the diver must be blown in t1>e hu(l ,at different 
points to assist in placi|ig the large charges of explosives in the best 
location. These preliminary charges may be comparatively. small, 
usually from 25 to 200 pounds bein^ ample, depending upon the 
amount of work to be done at each point. It is sometimes necessary 
to cut or shear off* some of the more important brficing beams, plates 
and angles. This can be done by stringing the cajrtridges end to end 
around the beani or along the plate at the point desired. The cargo, 
such as coal for instance, will sometimes prevent the jplacing of the 
charges of explosives at the most, logical points, and it may be neces- 
sary tp blast large holes in the bow and stem or along the sides and 
wait until the action of the water currents has cleared some of the 
cargo from the hold before proceeding further with the work. 

' Generallv the best results in breaking up wrecks have been ob- 
tained . by placing large charges inside the hull. The amount to use 
depends upon the depth of water, character of material in the hull, 
whether steel or wood, whether or not it is buried in sand and mud, 
and the size of the vessel. For small hulls one large charge of from 
500 to 1000 pounds placed a;nidship& is usually sufficient. Slightly 
larger vessels will require larger charges, and large steel hulls wiu 
frequently require several charges of from 1000 to .2000 pounds 
each, one charge bein^ placed forward, one amidships and on4 aft^ 
the whole being fired simultaneously. Where it is impossible to put 
the charges inside the hull, they should be somewhat larger and 
spaced at closer intervals and should be placed as far under as pos- 
able and immediately against the hull. " 

' The explosives recommended for this work are 7?% Du Poht 
Gelfttinwtth sfaiall c|uantities tif 60% Dli Pont Straight for primen 
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packi^ iq extra he9iTy..wateii>proof submasine packing., Jhe C9(es of 
g^gttn «h,9ul<i )>e ^^k^d (;losely together a^.tnor^i complete detoiiar 
tion is secured than where :^teatpts su*e made to have the exploding 
w^ve propagated from ome case to af^other .placed at shoc^t intervals. 

In making up the charges, the case is opened, five or six carjiindges 
of the 75% Gelatin removed, the same number ^of 60% Straight 
d^amite cartridges substttated: One of the 60% Strafght car- 
tridges should contain the Watef-pro^f Electric Blslsttng Cap \^11 
t^p^ atfd sealed in to prevent the entrance of^ater, the'wifes bein^ 
carried through a small notch cut in the case. The case cover is then 
nailed on. The primed case is then lowered by means of another strong 
wire or rope, put in place, and a buoy attached to the top end of 
the rope. The Electric Blasting Cap wires should be attached to 
the buoy, but all strain and pulling of buoy should be carried by the 
rope or heavy^ wire as the small electric wires are too delicate to 
stand any strain. Where the tide or undercurrent is strong,. Nq» 14 
leading wires are spliced to very short Electric Blasting Cap wires 
and tarifed'fi^oiif the chai<p;e at ^he l>ottom to the buoys. This makes 
i strong connectfrin. ... 

The leading wires are connected in series at the buoys to the deto- 
nator wires, all joints being well taped. Then as the firing boat drops 
back the wires are played out carefully until a distance of 500 to 1000 
feet is reached. The blast is fired by pi^ans of a blasting machine 
of ample capacity. 

For deep work, ^ and where the charges are not tP b^ fired im- 
mediately, Submarine Electric Bla^ng Caps are preferable, and 
where the charges are to be left under water for some time, the 
primers should be sealed up in a watei^proof tin or lead cylinder. 
A }^..S .df^tgnator should always b^ used in submmie.,blasti|kg« 
In this c)ass of; work, it ^i much b^ter practice to have, two or more 
primers in each charge, nqt alone for the . better detonation and 
execution ^obtaiAe;d, but a§ a safeguai;d against the possibility of the 
wire^ of ope electric blasting cap becoming broken or short cir^ 
CHJtedj resulting in 4eUy^ ^nd* soipetimes the loss of the charge. 

It is frequently desirable to shear oflf sections of steel 'flaxes*,' 
angles and braces so that as much as possible of the plates can be 
salvaged undamaged. This can be accomplished by stringing the 
dynamite cartridges end to end along the plate or around the brace 
with an electric detonator in every sixth or seventh cartridge if 
gelatin is used. In using 60% Straight Dynamite the detonators 
may be spaced further apart. For very heavy work of this kind it 
is sometimes found advisable to use Blasting Gelatin. 

Sunken Logs and Stumps. — In blasting out logs and stumps 
which have sunk in channels and rivers, thus becoming dangerous to 
navigation, the general directions apply as for other underwater 
work. ^ Electric methods of firing should be used and the kind of 
explosives are Gelatin and Red Cross Extra. Where the charges 
must remain under water^ for some time Red Cross Gelatin 40 to 
60% should be used, but in shallower water and where the charges 
are fired shortly after being placed, Red Cross Extra 40 to 60% is 
recommended. The size of charges varies from five to fifty pounds. 
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depeniling upon the size Of the stump or log, anillhii depth oA^ter. 
Th«y should be placed iindet the center and immediately agaiqft the 
obtttuction when pos^e. Frequently several charges placed at 
intervals are necessary in blasting out and breaking up long logs or 
•unken trees, 

_._ _t is desired to lemove. wooden 

r „„, s a^d other purposes, they are most 

easily cut i^ivell below waiet line by using 60% Straight Dynamite 



ria. lM.~«bewiii| MtOuid^ Cnttbw 
OB Pilcn hf Stiiticuic ths CuttidcM 
Aroimd Chflm 



detonated with electric blasting caps. The cartridges are tied to- 
gether end to end, strung around the pile, lowered to the point 
where it is desired to cut, and there iited. 

When piles are sunk in clusters or clumps, commonly cafied 
"dolphins, it is usually better practice and economy to cut each 
one off separately by blasting than to attempt to Cut the entire 
'^ddlphin" at one blast. 
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